This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


^  ^'^ 


AN 


INTRODUCTION 


TO 


PRACTICAL  ASTRONOMY, 


WITH 


A    COLLECTION    OF 

ASTRONOMICAL   TABLES. 


BY 


ELIAS  L00MI8,  LL.D., 

PftOFMSOB   OF   KATUBAL   FHILOaOPHT   AND    ASTROHOMT  IS   TALB   COLUDGI,  AlVD  ACrHOB 
OF  A   "00UB8B  OF  MATHBXATIOSL " 


SEVENTH   EDITION. 


NEW    YORK: 

HARPER     &     BROTHERS,    PUBLISHERS, 

829     k     831     PBARL     STBSST, 
FBAHKLIH    8QUABB. 

1891. 


^f  1'^" 


r 


Entered,  aooording  to  Act  of  Congress,  in  the  year  1865,  by 

Harpkr   &   Brothkrs, 
In  the  Clerk's  Office  of  the  Southern  District  of  New  Tork. 


PREFACE. 


Toe  rapid  advance  in  the  cultivation  of  Practical  Astronomy 
which  has  recently  been  made  in  the  United  Statei  is  one  of 
the  most  encouraging  features  of  the  age.  It  is  less  than 
twenty-five  years  since  the  first  refracting  telescope,  exceeding 
those  of  a  portable  size,  was  imported  into  the  United  States, 
and  the  introduction  of  meridional  instruments  of  the  large  r^ass 
is  of  still  more  recent  date.  We  may  now  boast  of  two  Observ- 
atories, liberally  equipped  with  instruments  of  the  best  class, 
and  provided  with  a  permanent  corps  of  observei:s,  as  also  a 
considerable  number  of  other  establishments  more  or  less  com- 
plete, and  a  still  larger  number  of  telescopes  of  dimensions  ade- 
quate to  be  employed  in  original  research. 

This  large  increase  of  instrumental  means  of  research  has  not 
only  been  attended  by  a  corresponding  increase  of  practical  ob- 
servers, but  also  by  an  increase  of  astronomers,  who  are  able  to 
apply  their  observations  toward  the  testing  and  perfecting  of 
astronomical  theories.  Not  only  have  the  latitude  and  longi- 
tude of  numerous  places  in  the  Unitxyd  States  been  accurately 
determined,  but  a  large  number  of  fixed  stars  have  been  care- 
fully observed  and  catalogued ;  improved  methods  of  observation 
have  been  invented ;  the  places  of  the  different  members  of  our 
solar  system  have  been  accurately  observed  and  compared  with 
the  best  tables ;  new  tables  have  been  constructed,  claiming  an 
accuracy  superior  to  any  thing  heretofore  known  in  Europe ; 
and  we  have,  at  last,  our  own  nautical  ephemeris,  which,  it  is 
hoped,  will  contribute  to  liasten  the  era  of  our  national  scientific 
independence. 

While  the  attention  of  so  many  persons  is  thus  earnestly  di- 
rected to  the  improvement  of  Practical  Astronomy,  the  want  of 
a  suitable  text-book  on  this  subject  has  been  extensively  felt. 
Some  work  has  been  needed  which  should  not  only  give  an  ade- 
quate description  of  the  instruments  required  in  the  outfit  of  an 
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Observatory,  but  which  should  also  explain  the  methods  of  em- 
ploying  them,  and  the  computations  growing  out  of  their  use. 
No  work  of  this  description  has  hitherto  been  attempted  in  this 
country,  if  we  except  one  or  two  treatises  whose  scope  was  con- 
fessedly far  too  limited ;  nor,  so  far  as  I  am  aware,  does  there 
exist  in  the  English  language  any  work  which  meets  the  de- 
mand in  our  country.  Pearson's  Practical  Astronomy  was  un- 
dertaken with  a  somewhat  similar  object  in  view ;  but  this  is  a 
work  of  inconvenient  bulk,  of  heavy  expense,  and,  withal,  fur- 
nishes the  student  with  very  little  insight  into  the  methods  of 
computation  now  most  generally  adopted  by  astronomers ;  nor 
have  I  met  with  any  work  in  any  foreign  language  which  ap- 
peared to  me  exactly  to  meet  the  wants  of  our  own  country. 

The  following  are  among  the  different  classes  of  persons  for 
whom,  it  is  beUeved,  a  work  on  Practical  Astronomy  was  needed : 

1.  Amateur  observers,  who  have  in  their  possession  astronom- 
ical instruments  which  they  wish  to  employ  to  the  best  advant- 
age, and  feel  the  need  of  more  specific  instructions  than  can  be 
gathered  from  the  elementary  text-books  on  Astronomy. 

2.  Practical  surveyors,  engineers  employed  on  boundary  and 
government  surveys,  astronomers  employed  in  determining  the 
situation  of  light-houses  and  other  important  points  on  the 
coast,  the  conductors  of  expeditions  of  discovery,  whether  by 
land  or  sea.  Indeed,  every  person  who  has  occasion  to  engage 
in  astronomical  computations  feels  the  importance  of  having 
before  him  a  volume  which  furnishes  the  formulae  for  his  use, 
and  tables  to  facilitate  his  labors. 

3.  There  is  a  far  more  numerous  class  of  i^rsons  to  whom,  it 
is  believed,  a  work  on  Practical  Astronomy  may  be  highly  use- 
ful, viz.,  the  entire  corps  of  young  men  who  are  engaged  in  a 
course  of  liberal  education.  It  is  thought  that  the  study  of . 
Practical  Astronomy  ought  to  be  incorporated  into  the  regular 
course  of  instruction  in  all  our  colleges  and  universities.  It 
may  be  said  that  very  few  young  men  in  our  country  ever  in- 
tend to  devote  their  time  to  the  business  of  astronomical  obser- 
vations ;  so,  also,  very  few  intend  to  become  practical  surveyors, 
or  navigators,  or  opticians ;  yet  we  include  surveying,  naviga- 
tion, and  optics  in  our  course  of  liberal  study,  prescribed  for  all 
indiscriminately,  whatever  may  be  their  ultimate  destination. 
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Pi-actical  Ajstronomy  has  claims  upon  our  attention  equal  to 
those  of  either  of  the  preceding  sciences,  whether  we  regard  it 
as  a  means  of  mental  discipline,  or  in  its  bearings  upon  other 
branches  of  study.  An  acquaintance  with  the  grand  principles 
of  astronomy  has  from  time  immemorial  been  regarded  as  an 
essential  part  of  a  finished  education ;  but  no  one  can  feel  a 
rational  confidence  in  the  results  announced  by  astronomers 
without  some  distinct  notion  of  the  methods  by  which  these  re- 
sults are  attained.  When  the  student  is  told  that  the  sun  is 
ninety-five  millions  of  miles  distant  from  us,  and  that  light  re- 
quires several  years  to  reach  us  from  the  nearest  fixed  star,  he 
may  receive  these  doctrines  without  dispute  on  the  basis  of  au- 
thority, but  he  can  feel  no  adequate  conviction  of  their  truth 
without  a  knowledge  of  the  instruments  with  which  the  requi- 
site observations  are  made,  as  w^ell  as  the  principles  upon  which 
the  computations  are  conducted. 

It  is  believed,  therefore,  that  Practical  Astronomy  is  destined 
to  occupy  a  more  prominent  place  in  our  institutions  of  educa- 
tion than  it  now  holds,  and  it  is  hoped  that  the  present  volume 
may  contribute  something  to  so  desirable  a  result. 

The  preparation  of  this  treatise  has  been  attended  with  seri- 
ous labor.  No  considerable  portion  of  it  has  been  exclusively 
derived  from  any  single  work.  I  have  sought  for  materials  from 
every  source  within  my  reach — ^not  only  from  the  standard  au- 
thorities upon  this  subject,  but  also  from  Astronomical  Journals 
and  the  Annals  of  Observatories.  The  works  which  I  have  most 
frequently  consulted  with  success  are,  Pearson's  Practical  As- 
tronomy, and  Baily's  Astronomical  Tables ;  Delambre's  Astro- 
nomic, and  Francoeur's  Astronomie  Pratique ;  Briinnow's  Spha- 
rischen  Astronomie;  Sawitsch's  Practisohen  Astronomie,  and 
Bessel's  Astronomische  Untersuchungen. 

The  Tables  which  accompany  this  volume  have  cost  me  con- 
siderable labor.  Table  XVI.  is  entirely  original.  Doubtless  sim- 
ilar tables  have  been  heretofore  computed,  but  I  have  been  una- 
ble to  find  such  an  one  in  any  of  the  works  to  which  I  have  had 
access.  Several  of  the  tables  have  been  computed  entirely  anew, 
although  similar  tables  are  to  be  found  in  other  works.  Of  this 
description  are  Nos.  XVII.,  XVIII.,  XXII.,  and  XXVII.  Others 
have  been  partially  recomputed,  extended,  and  modified  to  suit 
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the  size  of  the  page  or  the  plan  of  this  work.  Of  this  description 
are  Nos.  IX.,  XII.,  XIII.,  XIV.,  XV.,  XIX.,  XX.,  XXL,  XXIH., 
XXX.,  and  XXXV.,  while  a  considerable  portion  of  the  remainder 
have  been  more  or  less  modified  in  form  or  substance.  There  is 
not  a  line  in  the  entire  volume  which  was  not  sent  to  the  printer 
in  manuscript,  and  large  portions  of  the  work  have  been  several 
times  re-written.  Nearly  every  instrument  mentioned  in  this 
book  is  illustrated  by  a  pretty  accurate  drawing,  which,  it  is 
hoped,  will  render  the  descriptions  intelligible  to  those  who  have 
not  the  instruments  in  their  possession. . 

I  have  to  acknowledge  my  obligations  to  several  scientific 
friends  for  assistance  in  the  preparation  of  this  work.  To  my 
friends  at  Washington  and  Cambridge  I  am  indebted  for  several 
important  suggestions  ;  but  I  am  more  particularly  indebted  to 
Rev.  C.  S.  Lyman,  of  New  Haven,  who  read  nearly  the  entire 
work  in  manuscript,  and  whose  criticisms  have  proved  of  great 
service  to  me.  I  am  also  indebted  to  him  for  the  description  of 
the  prismatic  sextant  on  page  101,  and  for  the  second  method 
of  projecting  solar  eclipses  on  page  242. 

Inasmuch  as  the  student  is  supposed  to  have  some  previous 
acquaintance  with  the  elements  of  astronomy,  if  any  one  should 
undertake  the  study  of  this  volume  whose  time  does  not  permit 
him  to  read  the  whole  in  course,  he  may  take  up  whatever  chap- 
ter  he  pleases,  and  omit  the  remainder  with  very  little  danger 
of  embarrassment ;  or  if  he  should  omit  any  thing  which  is  es- 
sential to  be  studied,  the  references  throughout  the  work  will 
direct  him  to  those  portions  which  require  his  attention.  To 
students  who  propose  to  devote  only  a  few  weeks  to  the  study 
of  Practical  Astronomy  as  a  branch  of  general  education,  the 
following  course  is  suggested :  Read  the  first  two  chapters,  with 
but  little,  if  any,  omission ;  read  Articles  131-5  of  Chap.  III. ; 
some  of  the  problems  of  Chap.  IV. ;  Chap.  V.  entire,  and  Chap. 
VI.  to  Art.  179 ;  a  considerable  part  of  Chap.  VIIL,  and  Articles 
219-224  of  Chap.  IX. ;  after  which  the  student  may  proceed 
with  Lunar  and  Solar  Eclipses  and  Oooultations. 
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CHAPTER  I. 

STRUCTURE  OF  AN  OBSERVATORY.— THE  TELESCOPE. 

Article  1.  In  selecting  a  site  for  an  astronomical  observatory, 
we  should  edm  to  secure  the  following  advantages : 

1.  Stability  in  the  position  of  the  instruments. 

2.  A  good  horizon. 

3.  Freedom  firom  atmospheric  obstructions. 

In  order  to  secure  the  first  advantage,  we  should  select  a  spot 
which  affords  a  solid  foundation  for  building.  The  instruments 
should  rest  upon  stone  piers  whose  foundations  are  either  rock, 
gravel,  or  hard  clay,  for  which  purpose  it  is  sometimes  neces- 
sary to  excavate  the  earth  to  the  depth  of  20  or  25  feet.  To 
prevent  the  transmission  of  tremors  from  the  surface  of  the 
ground  to  the  instruments,  the  earth  should  not  be  filled  in  about 
the  piers,  but  the  latter  should  be  left  completely  insulated.  It 
IS  found  that  ordinary  tremors  are  but  little  felt  a  few  feet  below 
the  surface  of  the  earth. 

Proximity  to  a  large  city  or  to  great  thoroughfares  is  most  un- 
desirable ;  but,  if  this,  should  prove  unavoidable,  it  is  especially 
important  to  attend  to  the  insulation  of  the  piers. 

(2.)  In  ovder  to  secure  a  good  horizon,  it  was  formerly  cus- 
tomary to  build  an  observatory  of  great  height,  but,  for  the  pur- 
pose of  securing  greater  stability  of  the  instraments,  astronomers 
now  select  an  eminence  of  moderate  elevation,  from  which  the 
ground  descends  on  all  sides,  and  place  their  instruments  as  near 
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the  ground  as  can  conveniently  be  done.  It  is  a  matter  of  the 
first  importance  that  the  horizon  be  unobstructed  in  the  direction 
of  the  meridian. 

The  atmospheric  obstructions  which  astronomers  aim  to  avoid 
as  far  as  possible  are  fogs— which  are  uncommonly  prevalent  in 
certain  places,  especially  on  low,  swampy  grounds— -the  smoke 
and  heated  air  arising  from  chimneys,  factories,  etc.,  as  also  the 
dust  and  noise  of  public  streets.  Certain  locahties  are  much 
more  subject  to  clouds  and  high  winds  than  other  places,  and 
these  are  specially  unfavorable  to  the  operations  of  an  observ- 
atory. 

(3.)  A  transit  instrument  and  a  good  clock  are  indispensable 
to  the  furniture  of  every  observatory.  The  former  requires  an 
opening  in  the  roof  and  down  the  walls  of  the  building,  so  as 
to  afford  a  view  of  the  meridian  from  the  north  to  the  south 
horizon.  This  opening  should  not  be  less  than  eighteen  inches 
wide,  and  should  be  covered  by  doors  which  may  be  easily 
thrown  open,  emd  which,  when  closed,  shall  effectually  exclude 
the  rain  and  snow.  A  complete  observatory  must  also  be  fur- 
nished with  a  graduated  circle  for  measuring  altitudes  or  polar 
distances,  which  will  require  a  second  opening  across  the  roof, 
similar  to  the  one  already  described,  unless  a  meridian  circle  be 
used  for  both  purposes,  in  which  case  one  opening  may  suffice. 

(4.)  An  altitude  and  azimuth  circle,  or  an  equatorial  instru- 
ment, requires  a  revolving  roof,  with  an  opening  from  the  zenith 
to  the  horizon,  to  enable  the  observer  to  follow  a  heavenly  body 
in  any  part  of  its  diurnal  course.  This  roof  should  not  be  larger 
than  is  necessary  for  giving  room  to  the  observer  and  to  the  in- 
strument under  it,  lest  its  bulk  and  consequent  weight  should 
impede  its  easy  motion.  It  should  be  made  to  turn  round  on 
a  circular  bed,  placed  in  a  horizontal  position.  The  dome  may 
revolve  on  small  brass  wheels,  set  in  a  ring  of  wood  of  proper 
dimensions,  or  on  oast-iron  balls,  turned  in  a  lathe  so  as  to  be  of 
exactly  equal  diameter. 

The  figure  on  the  opposite  page  represents  a  section  of  a  rota- 
tory dome  suitable  for  a  small  observatory.  The  letters  AA 
represent  an  opening  18  or  20  inches  in  width,  extending  from 
the  top  of  the  dome  down  one  side  to  the  horizon,  and  closed 
by  three  doors,  of  which  each  upper  one  overlaps  the  next 


Structurb  of  an  Observatory. 


15 


lower  one,  so  as  to  exclude  tne  rain  and  snow.  The  wooden 
plate,  BB,  which  appears 
a  straight  line,  is  a  circu- 
lar ring,  which  forms  the 
base  of  the  dome;  andCC 
is  a  similar  ring,  forming 
the  wall  plate  on  which 
the  dome  rests  and  re- 
volves. 

(5.)  A  modern  observ- 
atory generally  consists 
of  a  centred  building,  of 
moderate  elevation,  sur- 
mounted by  a  revolving 
dome  covering  an  equa- 
torial telescope,  and  hav- 
ing small  wings,  running 
east  and  west,  in  which 
are  placed  the  instruments  which  are  designed  for  observations 
in  the  meridian.  The  sketch  on  page  16  represents  a  section 
of  the  Washington  Observatory.  A  is  a  pier  of  solid  masonry, 
whose  foundations  are  nine  feet  below  the  surface  of  the  groimd. 
It  runs  through  the  centre  of  the  main  building,  and  on  the 
top  rests  the  equatorial,  E,  surmounted  by  a  revolving  dome. 
Both  on  the  east  and  west  sides  of  the  central  building  is  a 
wing,  each  of  which  has  two  openings  20  inches  wide,  extend- 
ing through  the  roof  and  along  the  sides  of  the  building,  so  as  to 
allow  an  unobstructed  view  of  the  meridian.  C  represents  the 
meridian  circle,  and  T  the  transit  instrument.  The  mural  circle 
was  formerly  attached  to  the  pier,  M,  in  the  west  wing,  but  it 
has  since  been  removed  to  the  pier,  P,  in  the  east  wing. 

(6.)  It  is  desirable  to  have  access  to  some  distant  field,  both 
north  and  south,  where  it  may  be  permitted  to  erect  a  pillar  on 
which  to  fix  a  meridian  mark.  This  mark  should  be  at  such  a 
distance  that  it  may  be  distinctly  seen  with  the  solar  focus  of 
the  transit  instrument,  which,  for  a  small  instrument,  may  be 
a  distance  of  half  a  mile,  but  for  a  large  instrument,  may  be  a 
mile  or  several  miles.  The  Royal  Observatory  at  Edinburgh 
has  two  meridian  marks,  the  northern  one  distant  about  8000 
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feet,  and  the  sonthem  about  18,000.  These  distant  marks, 
however,  are  not  indispensable,  and  at  Grreenwich  their  use  has 
been  abandoned. 

(7.)  By  applying  to  the  object  end  of  the  telescope  a  cap,  with 
a  lens  of  long  .focus,  we  may  employ  a  near  meridian  mark, 
which,  in  some 
respects,  is  more 
convenient  than 
a  distant  one. 
The  annexed  fig- 
ure represents  a 
meridian  mark 
used  by  Captain 
Smyth,  of  Bed- 
ford, England. 
A  brass  plate,  five  inches  long  and  three  inches  wide,  is  secured 
by  screws  to  a  stone  which  has  a  firm  foundation  sunk  into 
the  ground.  On  this  plate  there  slides  another  of  smaller  size, 
adjustable  by  two  screws  pressing  against  its  ends.  On  the 
sUding  plate  is  soldered  a  square  piece  of  silver,  bearing  a  well- 
defined  black  cross  as  a  mark  for  the  meridian.  A  four-inch 
lens,  ground  to  a  focal  length  of  49^  feet,  which  is  exactly  its 
distance  from  the  cross,  is  attached  to  an  iron  plate,  which  is 
let  into  the  south  Wall  of  the  observatory,  in  a  line  with  the 
transit  instrument.  The  rays  of  light  from  the  meridian  mark 
consequently  become  parallel  after  passing  through  the  lens, 
and  the  mark  can  be  viewed  through  a  telescope  adjusted  to  its 
solar  focus. 


THE   TELESCOPE. 

(8.)  The  object-glass  of  a  refracting  telescope  must  be  ach- 
romatic, consisting  of  two  lenses  so  combined  as  to  destroy  the 
injurious  efieots  of  color  and  aberration.  The  available  diam- 
eter of  the  object-glass  is  called  its  aperture j  and  is  usually  a 
little  less  than  that  of  the  tube  in  which  it  is  inserted.  It  forms 
the  image  of  an  object  toward  which  it  may  be  directed  near 
the  eye  end  of  the  telescope.  The  distance  from  this  image  to 
the  object-glass  is  called  the  focal  length  of  the  telescope,  and 
is  commonly  a  littie  greater  than  the  length  of  the  main  tube. 

B 
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This  image  is  magnified  by  a  microscope  called  an  eye-piece^ 
consisting  of  two  or  more  lenses,  and  several  of  them  are  fur- 
nished with  every  telescope,  in  order  to  afford  a  variety  of  mag- 
nifying powers.  The  eye-piece  is  set  in  a  sliding  tube,  and  is 
moved  by  a  milled  head,  connected  with  a  rack  and  pinion,  to 
enable  the  observer  to  adjust  the  eye-piece  exactly  to  the  image. 
(9.)  Two  varieties  of  eye-pieces  are  in  common  use,  one  called 
the  negative^  the  other  the  positive  eye-piece.     The  negative 

3  eye-piece  is  formed  of  two  plano-convex  lenses, 
A,  B,  fixed  with  their  curved  faces  toward  the 
object-glass,  at  a  distance  firom  each  other 
something  less  than  half  the  sum  of  their  focal 
lengths.  It  is  called  a  negative  eye-piece,  be- 
cause the  image  viewed  by  the  eye  is  formed 
behind  the  inner  lens,  and  this  is  the  form  generally  used  when 
distinct  vision  is  the  sole  object. 

(10.)  The  positive  eye-piece  is  formed  of  two  plano-convex 
lenses,  C,  D,  having  their  curved  faces  turned 
toward  each  other,  and  placed  at  a  distance 
from  each  other  less  than  the  focal  distance  of 
the  lens  next  the  eye,  so  that  the  image  of  the 
object  viewed  is  beyond  both  the  lenses ;  and 
this  is  the  form  adopted  for  the  transit  instrument  where  spider 
lines  are  placed  in  the  focus  of  the  object-glass,  and  also  for 
telescq)es  with  micrometers,  for  the  piece  containing  the  two 
lenses  can  be  taken  out  without  disturbing  the  lines,  and  is  ad- 
justable for  distinct  visicm.  As  the  image  formed  at  the  focus 
of  the  object-glass  lies  parallel  to  the  fiat  face  of  the  contiguous 
lens,  every  part  of  the  field  of  view  is  distinct  at  the  same  ad- 
justment,  or,  as  opticians  say,  there  is  a  flat  field, 

(11.)  In  looking  through  a  telescope  at  objects  in  high  alti- 
tudes, the  head  of  the  observer  is  brought  into  a  very  incon- 
venient position ;  to  obviate  which  inconvenience,  the  diagonal 
eye-piece  was  invented,  and  is  commonly  applied 
to  the  transit  instrument.  A  flat  piece  of  pol- 
ished speculum  metal,  E,  is  usually  appUed  be- 
tween the  two  lenses  of  the  eye-piece,  at  an  an- 
gle of  45°,  which  changes  the  direction  of  the 
rays  of  light,  and  forms  an  image  which  becomes  erect  with 
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respect  to  altitude,  but  is  still  reversed  with  respect  to  azi- 
muth. 

(12.)  Instead  of  a  piece  of  reflecting  metal,  tiiat  requires  a 
surface  perfectly  flat,  which  is  not  easily  obtained,  a  rectemgu- 
lar  prism  of  glass  is  sometimes  substi- 
tuted. A  section  of  the  prism  ABC ,  per- 
pendicular to  its  edge,  must  be  an  isos- 
celes right-angled  triangle.  If,  there- 
fore, a  ray  of  light,  DE,  firom  the  ob- 
ject-glass fall  upon  the  surface,  AB,  of 
the  prism  perpendicularly,  it  will  pro- 
ceed without  change  of  direction  to  £, 
will  there  sufler  total  reflection,  and  will  pass  through  the  side 
AC  without  deviation.  The  prism  has  this  advantage  over  the 
plane  speculum,  that  much  less  light  is  lost  in  the  reflection. 

(13.)  Reflecting  telescopes  are  of  various  kinds,  but  the  two 
chiefly  employed  at  present  are  the  Newtonian  and  Herschelian. 
In  the  Newtonian  form,  the  rays  reflected  from  the  large  mirror 
at  the  lower  end  of  the  tube  are  again  reflected  at  right  emgles 
by  an  inclined  plane  mirror,  and  viewed  by  an  eye-piece  on  the 
side  of  the  tube.  The  observer,  accordingly,  in  using  this  in- 
strument, looks  in  a  direction  at  right  angles  with  the  tube  of 
the  telescope. 

In  the  Herschelian  construction,  the  large  mirror  is  slightly 
inclined,  so  as  to  form  the  image  close  to  one  side  of  the  tube., 
where  the  eye-piece  is  placed,  and  the  observer  looks  down  the 
tube  with  his  back  turned  toward  the  object  under  examination. 
Some  portion  of  the  light  from  the  object  is  necessarily  inter- 
cepted by  the  head  of  the  observer ;  but  in  a  large  instrument 
this  loss  is  not  very  serious. 

(14.)  If  the  solar  focal  distance  of  the  object-glass  of  the  tele- 
scope be  divided  by  the  focal  distcmce  of  its  eye-piece,  consid- 
ered as  a  single  lens,  the  quotient  will  express  the  magnifying 
power  of  the  telescope.  An  ordinary  celestial  eye-piece  consists 
of  two  lenses ;  so  that,  before  we  can  determine  the  magnify- 
ing power  of  the  telescope,  we  must  know  what  single  lens  is 
equivalent  to  the  two  lenses  of  the  eye-piece.     The  focal  length 

of  the  equivalent  lens  is  given  by  the  formula  E  =  ^ — V"~> 
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where  F  denotes  the  Boiax  focal  length  of  the  inner,  /  that  of 
the  outer  lens,  d  the  distance  between  them,  and  E  the  focal 
length  of  the  equivalent  lens.  Then,  if  we  put  S  for  the  solar 
ibodi  distance  of  the  object-glass,  the  magi^ying  power  will 

(15.)  As  it  is  difficult  to  measure  exactly  tiie  focal  length  of 
the  lenses,  other  methods  of  determining  the  magnifying  power 
of  a  telescope  are  generally  preferred. 

Let  the  focus  of  the  telescope  be  accurately  adjusted  to  dis- 
tant objects.  Then,  if  we  direct  the  telescope  toward  the  light 
of  the  sky,  a  small  bright  circle  will  be  formed  near  the  eye* 
piece,  which  is  nothing  else  than  the  image  of  the  aperture  of 
the  telescope.  If,  then,  we  measure  the  diameter  of  this  circle 
by.  means  of  a  scale  divided  into  very  small  equal  parts,  and  like- 
wise the  aperture  of  the  telesc<^,  the  diameter  of  the  aperture 
%us  determined,  divided  by  the  diameter  of  the  bright  image, 
will  express  the  magnifying  power  of  the  telescope.  For  exam- 
ple, let  the  clear  diameter  of  the  object-glass  be  10  inches,  and 
the  diameter  of  the  small  bright  circle  be  one  tenth  of  an  inch» 
then  will  100  represent  the  magnifying  power  of  the  telescope* 
Various  contrivances  have  been  employed  for  measuring  the  dL 
ameter  of  this  small  circle  of  light,  but  the  best  method  is  by 
means  of  Ramsden's  Dynameter. 

(16.)  The  following  is  G-auss's  method  of  determining  the 
magnifying  power  of  a  telescope :  If  we  invert  the  telescope, 
and  direct  the  eye-piece  toward  some  distant  object,  then,  on 
looking  through  the  object-glass,  the  image  of  this  object  will 
appear  as  many  times  reduced  in  size  as  it  would  be  magnified 
by  the  telescope  if  we  observed  through  the  eye-piece.  We 
therefore  direct  the  telescope  so  that  two  objects  can  be  dis- 
tinctly seen  through  the  object-glass  in  the  middle  of  the  field 
of  view,  or  at  equal  distances  on  the  two  sides  of  the  optical 
axis.  We  then  point  a  theodolite  toward  this  telescope,  so  that 
its  optical  axis  shall  coincide  nearly  with  the  optical  axis  of  the 
telescope,  and  measure  the  angle  a,  included  between  the  ima- 
ges of  the  above-mentioned  objects  as  they  appear  in  the  invert- 
ed position  of  the  telescope.  We  then  remove  the  telescope,  and 
measure  with  the  theodolite  the  angle  A,  which  is  comprehended 
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betwotti  the  objeets  themaelyes;  the  requiied  magnifying  pow- 

3j  _.»"g«  t —  .  ^^^  ^f  ^Q  angles  A  and  a  are  smlalL  the  mag- 
tang,  i  a. 

mfying  power  =—  nearly. 

(17.)  The  magnifying  powor  of  fi  telesoope  may  also  be  ob- 
tained in  the  following  manner :  If  a  disk  of  white  paper,  one 
inch  in  diameter,  be  plaoed  on  a  black  groond  at  30  or  40  yards 
distance  firom  the  teleaoopoi  and  a  stajS*,  painted  white  and  di- 
vided into  inches  and  parts  by  strong  black  lines,  be  plaoed  ▼ert*' 
ioaUy  near  the  disk,  the  eye  that  is  directed  thiough  the  tele- 
scope, when  adjusted  for  vision,  will  see  the  magnified  disk,  and 
the  other  c^e,  looking  along  the  outside  of  the  telescope,  will  ob- 
serve the  number  of  inches  and  pfurts  that  the  disk  projected  on 
it  will  just  cover;  and  the  number  of  inches  thus  covered  will 
indicate  the  magnifying  power  of  the  telescope  at  the  distance 
for  which  it  is  a^usted  to  distipct  vision. 

For  example,  a  disk  of  paper,  one  inch  in  diameter,  was 
placed  at  a  distance  of  101^  feet,  contiguous  to  a  gndnated 
vertical  staff,  and,  when  the  adjustment  lor  vision  was  made 
with  a  42-inch  telescope,  the  left  eye  of  an  observer  viewed  the 
disk  projected  on  the  staff,  while  the  right  eye  obeerved  tibat.the 
enlarged  image  of  the  disk  covered  just  58i  inches  on  the  staff; 
which  number  was  the  measure  of  the  magnifying  power  P',  at 
the  distance  answering  to  the  foeal  distance  F^  which  in  this 
case  exceeds  the  solar  focal  length  F  by  an  inch  and  a  half 
The  solar  power  F  may  be  obtained  from  the  teorestdal  or  meas- 
ured power  P'  by  the  following  {Moportion : 
F:F::P':P. 

In  the  present  case  we  have 

43.5  :  42 : :  58.5 :  56.5  nearly. 

Hence  the  magnifying  power  due  to  the  solar  focal  length  of 
the  telescope  is  56.5. 

(18.)  Every  telescope  of  considerable  magnifying  power 
dlionld  be  fomi^ed  with  a  finder;  that  is,  a  small  telescope  of 
a  low  power  and  a  large  field,  qf  view,  attached  to  the  side  of. 
tibe  larger,  with  Ibeir  axe^  parallel  to  each  other.  In  the  com- 
mon focus  of  th^  object-glass  and  eye-glass  is  a  pair  of  coarse 
wires,  inteiseoting  each  oAer  in  the  middle  of  the  field.    A  tel- 


22  Practical  Astronomy. 

escope  with  a  high  magnifying  power  has  a  very  small  field  of 
view,  and  therefore  an  observer  may  have  great  difficulty  in 
finding  a  small  object  for  which  he  is  searching.  This  incon- 
venience is  obviated  by  the  finder.  The  telescope  is  pointed  ap- 
proximately toward  a  star  by  glancing  the  eye  along  the  tube, 
when  the  star  will  be  seen  in  the  finder,  because  its  field  of  view 
is  very  large.  The  object  is  then  brought  into  the  middle  of 
the  field  of  the  finder,  which  is  indicated  by  the  intersection  of 
the  wires,  when  it  will  be  somewhere  in  the  field  of  the  larger 
telescope. 

(19.)  In  order  to  judge  of  the  excellence  of  a  telescope,  we 
should  examine  the  quality  of  the  glass,  and  also  the  accuracy 
with  which  the  chromatic  €tnd  spherical,  aberrations  are  cor- 
rected. We  may  judge  of  the  achromatism  by  directing  the 
telescope  to  the  moon  or  to  Jupiter,  and  alternately  pushing  in 
and  drawing  out  the  eye-piece  firom  the  place  of  distinct  vision. 
In  the  former  case,  a  ring  of  purple  will  be  formed  round  the 
edges ;  and  in  the  latter,  a  ring  of  light  green,  which  is  the  cen- 
tral color  of  the  prismatic  spectrum ;  for  these  appearances  show 
that  the  extreme  colors,  red  and  violet,  are  corrected. 

(20.)  We  may  test  the  figure  of  the  object-glass  by  covering 
its  centre  by  a  circular  piece  of  paper,  about  one  half  of  its  di- 
ameter, and  adjusting  it  for  distinct  vision  of  a  given  object,  and 
then  trying  if  the  focal  length  remains  unaltered  when  the  pa- 
per is  taken  away,  and  a  cap  with  an  aperture  of  the  same  size 
is  applied,  so  that  the  extreme  rays  may  in  their  turn  be  cut  off 
If  the  vision  is  distinct  in  both  cases,  without  any  new  adjust- 
ment for  focal  distance,  the  spherical  aberration  is  corrected. 

(21.)  If  one  part  of  the  object-glass  have  a  different  refractive 
power  from  another  part,  a  star  of  the  first  magnitude  will  point 
out  the  defect  by  the  exhibition  of  an  irradiation,  or  what  op- 
ticians call  a  wingy  at  one  side,  which  no  perfection  of  figure 
or  of  adjustment  will  banish ;  and  the  greater  the  aperture,  the 
more  Uable  is  the  evil  to  happen.  Hence  caps  with  different 
apertures  are  usually  supplied  with  large  telescopes,  that  the 
extreme  parts  of  the  glass  may  be  cut  off  in  observations  requir- 
ing a  well-defined  image.  In  case  one  half  of  the  glass  be  faulty 
and  the  other  good,  a  semicircular  aperture,  by  being  turned 
gradually  round,  will  detect  the  semicircle  which  contains  the 
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defeotive  portion  of  the  glass ;  and  if  such  portion  should  he  cov- 
ered, the  only  inconvenience  that  would  ensue  would  be  the  loss 
of  the  light  which  is  thus  excluded. 

(22).  The  most  precise  mode  of  estimating  the  capacity  of  a 
telescope  is  by  observations  of  a  series  of  test  objects  in  the 
heavens.  These  objects  should  be  selected  with  reference  both 
to  illuminating  power  and  defining  power,  which  qualities  are 
quite  distinct  from  each  other.  The  usual  tests  of  illuminating 
power  are  stars  of  such  a  degree  of  faintness  as  barely  to  come 
within  the  range  of  the  telescope;  and  the  tests  of  defining 
power  are  double  stars,  as  close  to  each  other  as  can  be  dis- 
tinctly seen  separated.  The  foUowing  list  of  close  double  stars 
will  afford  a  considerable  range  of  tests  for  defining  power : 


star. 

K.  A..  1880. 

Dec,  1880. 

Hagnitades. 

Dlftance. 

86  Andromedn 

K 
0 
1 

2 

B 
5 

6 

7 
8 
9 
10 
11 
12 
18 

14 

15 

16 

17 
18 

19 
20 

22 

m. 
48 
18 
55 
56 
19 
87 
62 
27 
18 
24 
28 
85 
83 

5 
22 
18 
11 
47 

4 
28 
85 
89 
18 
19 
87 
57 
24 
86 
55 
56 

8 
40 
40 
48 
25 
45 
58 
28 

«. 
82 
41 
50 
82 
10 

5 
21 
20 
27 
22 

0 
88 
45 
19 

2 
20 
48 
23 

9 
10 
25 
45 
16 
68 
42 
46 
52 
46 
49 
88 
.86 
22 
24 
84 
26 

4 

5 
54 

o 

22 

1 

2 

41 

66 

2 

20 

24 

2 

5 

6 

59 

5 

18 

9 

20 

82 

21 

18 

0 

14 

27 

80 

87 

26 

11 

2 

81 

65 

8 

8 

89 

89 

69 

10 

6 

8 

8 

58.8  N. 

8.8  a 

11.1  N. 

45.2  N. 

51.7  N. 

48.8  N. 

61.6  N. 
2.7  N. 

80.4  S. 
61.4  N. 

57.8  S. 

88.7  N. 

80.4  N. 
0.6  N. 

84.7  N. 

26.9  N. 

12.8  N. 

53.9  N. 

9.9  N. 
17.9  N. 

14.6  N. 

84.8  N. 

48.3  N. 

47.9  N. 

40.7  N. 
2.6  S. 

14.9  N. 

49.8  N. 

13.3  N. 
10.7  S. 

68.5  N. 

82.7  N. 

29.8  N. 
67.7  N. 

51.4  N. 
4.6  S. 

60.0  N. 
50.4  N. 

6.2 
6.2 
2.8 
6.5 
4.2 
8.0 
5.7 
7.0 
4.0 
5.0 
5.6 
6.2 
7.0 
5.0 
6.0 
2.0 
4.0 
5.0 
6.0 
8.0 
8.5 
8.0 
5.5 
6.7 
4.0 
4.9 
4.0 
8.0 
6.5 
6.0 
6.0 
4.6 
•4.9 
4.0 
8.0 
6.0 
6.2 
6.0 

6.8 
7.2 
8.9 
6.0 
7.1 
6.8 
6.0 
7.1 
6.0 
7.0 
6.0 
6.1 
7.8 
5.7 
7.0 
8,6 
4.9 
7.8 
6.0 
9.0 
8.9 
6.8 
6.6 
7.8 
7.0 
6.2 
6.0 
6.0 
7.0 
6.0 
7.2 
6.8 
5.2 
7.6 
9.0 
7.0 
6.2 
7.6 

1.8 
1.2 
3.1 
0.6 
2.0 
2.7 
1.3 
0.4 
1.1 
0.4 
2.5 
1.5 
1.6 
0.7 
0.4 
8.2 
1.1 
1.4 
0.2 
2.3 
1.0 
2.6 
0.8 
0.7 
0.2 
1.1 
1.6 
1.2 
0.2 
1.9 
1.2 
8.0 
2.6 
2.8 
0.6 
0.4 
0.1 

42Ceti 

CL  Piscium 

7*  AndromedA 

I  C^Bsiopeo. 

-y  Ceti 

€  Arietis 

7Tauri 

If  Orionifl 

82  Orionis 

11  Monooerotis 

12  Lyncb 

170  P.  Cania  Minoris 

^Cancri 

w  Leonia. 

■y  Leonia 

^  Uns  Majoria 

85  CoiiifB  Berenicis 

42  Coma  Berenicis 

127  P.  Virginia 

^  Bootia 

€  Bootis 

ti  CoronfB  Borealis 

u*  Bootis 

V  Coronat  lioraalis. 

(Libra 

X  Ophinchi 

t  Uercttlb 

20  Diaoonis 

rOphinelii 

78  Opfaincbi 

^  Lttw.  

eilyvm 

c  Draeonis 

178  P.  Dolpliioi 

4  Aqoarii 

c  Equals 

37Pegaai 

0.6 

24 
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(23.)  As  tests  of  illaminatiiig  power  may  be  mentianed  ihe 
satellite  of  Neptune,  whioh  is  equal  to  a  star  of  the  fourteenth 
magnitude,  and  is  not  known  to  have  been  seen  by  more  than 
three  or  four  telescopes  in  any  pari  of  the  world ;  the  satellites 
of  Uranus,  which  are  about  equally  difficult ;  and  the  three 
smaller  satellites  of  Saturn.  The  new  satellite  of  Saturn,  dis- 
covered by  Mr.  Bond,  is  estimated  to  be  equal  to  a  star  of  the 
seventeenth  magnitude. 

The  following  table  of  &int  and  unequal  stars  will  also  afford 
a  good  measure  of  illuminating  power : 


star. 


a  A.,  1880. 


Deo.,  1880. 

— y 

10  28  N. 
12  49  N. 

6  18  N. 
67  11  N. 

23  57  N. 
88  iO  N. 

5      4  N. 

1  12  S. 
48  48  N. 
26  46  N. 

81  82  K. 
53  84  N. 

2  48  K. 

8  20  S. 

7  8  8. 

16  45  N. 
22  12  N. 

24  41  N. 

17  1  S. 
1  41  S. 

26  10  S. 

88  41  N. 

82  18  N. 
44  50  N. 
12  55  8. 

9  82  N. 
21  40  8. 

11  84  N. 
55      5  N. 


Magnitodeg. 


DisUnoe. 
77 — 

7.0 
29.7 
27.4 

5.8 

8.0 
18.8 

6.0 

4.8 
16.6 
18.8 
12.5 
26.0 

7.0 

9.1 
86.0 
10.3 

7.1 

6.4 

8.0 

4.8 

8.2 
48.1 

8.9 

1.6 

5.0 
87.6 

4.1 
15.0 

8.0 


84  PiBcium 

42PiBciam 

51Pi8cinm 

ly  Caasiopen 

0  Pisdain 

Polaris. 

vCeti. 

84Ceti 

dPersei 

41  Arietis 

CPersei 

7  Camelopardi.. 

p  Ononis 

/3  Ononis 

r  Orionis 

X  Geminomm . . 
JOeminonim... 
c  Geminomm... 

y  Crateris 

0  Virginia 

Antares 

a  Lyro 

17Lyr» 

JCygui 

a'Capricomi... 

8  Equalei 

41  Aqoarii 

CPegasi 

ffCassiopeaa 


0 


11    18 
14    22 


m.  «. 

8  52 

16  18 

26  12 

41  48 
7  14 

18  45 

29  84 

85  4 

85  59 

42  55 

46  85 

47  40 

7  1 

8  46 
11  47 

11  12 

12  57 
87  15 

53 


6.0    13.5 
6.8    10.7 


5.0 
4.0 


9.0 
7.6 


4.7  10.1 

2.0  9.0 

4.5  15.0 

6.0  9.2 

4.0  10.0 

8.5  11.5 

2.7  9.8 

4.2  11.8 


4.7 
1.0 


8.5 
8.0 


16 
18 
19 


1 

22  2 

82  52 

2  58 

.    41  18 

20  11  24 

21  8  88 

22  7  40 
40  42 

23  52  56 


4.0  11.0 

4.5  12.0 

3.2  8.2 

4.0  9.0 

4.0  14.0 

5.2  10.0 


1.0 
1.0 
5.7 
8.0 


8.0 
8.8 
9.8 
8.0 


8.0  12.0 

4.5  10.0 

6.0  8.5 

5.0  15.0 

5.4  7.5 


(24.)  Some  of  the  nebukB  afford  excellent  tests  of  the  per- 
formance of  a  telescope.  Certain  nebulce,  which,  to  an  ordinary 
telescope,  appear  merely  as  a  dim  patch  of  light,  by  more  pow- 
erful instruments  are  resolved  wholly  into  stars,  and  others  are 
partially  resolved. 

The  following  are  some  of  the  most  interesting  objects  of 
this  class : 
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R.  A.,  1650. 


Dec.,  1850. 


Nebula  of  Andromeda 

33H.  Pcrsei 

19  H.  Andromeda 

60  H.  Persei 

Crab  nebula 

Nebula  in  Orion 

8  H.  Geminorum 

67  M.  Cancri 

27  H.  Hydra 

97  M.  Ursa  Majoria 

60  M.  Virginis 

64  M.  Coma  Berenicia  . . . 
53  M.  Ck>ma  Berenicia  . . 

Spiral  nebula  

3  m.  Canum  Venaticorum 

70  H.  Virginia 

5  M.  Libra 

13  M.  Herculia 

10  M.  Ophiuchi 

17  M.  Clypei  Sobiesku  . . . 

38  M.  Sagittarix 

Annular  nebula  in  Lyra  . . 

56  M.  Lyra 

Dqmb-bell  nebula 

108  H.  Delpbini 

16  M.  Pegasi 

2  M.  Aqaaiii 

30  M.  Capricomi 


0  34  37 
2  8  39 
2  13  12 
8  68  55 
5  25  27 

5  27.54 

6  46  31 
8  42  58 

10  17  29 

11  5  59 

12  36     3 

12  49  21 

13  5  32 
13  23  31 

13  35  12 

14  21  44 

15  10  56 

16  36  19 
16  49  16 
18  11  57 
18  15 

18  47  59 

19  10  42 

19  63    4 

20  26  50 

21  22  42 
21  25  40 
21  31  50 


40  26.9  N. 
56  27.1  N. 

41  38.9  N. 
49    6.2  N. 

21  54.7  N. 

5  29.5  S. 
18  9.8  N. 
12  21.4  N. 

17  53.6  S. 
55  49.7  N. 
12  22.8  N. 

22  30.0  N. 

18  58.1  N. 
47  58.6  N. 
29    7.3  N. 

6  17.8  S. 

2  39.0  N. 
36  44.6  N. 

3  52.8  S. 
16  15.8  S. 

56.7  S. 
32  50.8  N. 
29  55.2  N. 

22  18.7  N. 
6  55.2  N. 

11  80.0  N. 
1  29.5  S. 

23  49.8  S. 
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Large  and  irresolTable. 

Glorious  mass  of  stais. 

Irresolvable. 

Compressed  oval  groap. 

Large  oval  nebula. 

Great  irresolvable  nebula. 

A  compressed  cluster* 

Loose  cluster. 

Fine  planetary  nebula. 

Planetary  nebula. 

A  double  nebula. 

Not  resolved. 

A  globular  cluster. 

Irresolvable  pair  of  nebula. 

A  globular  duster. 

Resolved  in  largest  telescopes. 

A  mass  of  stars. 

A  splendid  cluster. 

A  nch  round  mass. 

Horse-shoe  nebula. 

Compact  globular  duster. 

Annular  and  irresolvable. 

Globular  cluster. 

Irreoolvable. 

A  mass  of  minute  stars. 

Globular  cluster. 

A  ball  of  stars. 

A  bright  cluster. 


Many  of  the  preceding  nebulee  are  qaite  oonspionons,-  even 
with  a  small  telescope ;  but  the  visible  boundaries  of  these  ob- 
jects, and  th^  number  of  stars  which  they  exhibit,  depend  upon 
the  power  of  the  instrument. 

(25.)  The  following  statement,  by  Captain  Smyth,  will  aflfoid 
to  beginners  a  tc^erable  idea  of  what  kind  of  performance  they 
ought  to  expect  from  their  telescopes.  Captain  Smyth's  tele- 
scope was  an  achromatic  refractor  of  8^  feet  focal  length,  with 
an  object-glass  of  5^  inches  clear  aperture.  The  cap  which 
covered  the  object-glass  was  pierced  with  two  circular  holes,  of 
two  inches  and  four  inches  ^ameter.  Witb  the  two-inc^  aper- 
ture, and  magnifying  powers  of  from  60  to  100,  he  saw  Polaris 
and  its  companion  distinctly,  and  cleurly  pto)eived  double 

a  Fiscium,  /i  Draoonis, 

y  Leonis,  rj  Cassiopees. 

With  the  four*inoh  aperture^  and  powess  varying  from  80  to 
120,  and  upward,  he  readily  saw. 
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P  Orionis,  a 

a  Lyree,  y  Ceti, 

d  Geminorum,  e  Draoonis, 

i  Ursffi  Majoris,  t  Leonis. 

But  it  required  the  fiill  aperture,  and  powers  of  from  240  to 
800,  with  favorable  circumstances,  to  scrutinize  satisfactorily 
the  following  test  objects : 


a  Arietis, 
X  Ophiuchi, 
B  Equulei, 
dCygni, 


20  Draconis, 
<  Hercuhs, 
32  Orionis, 
K  Geminorum. 


EQUATORIAL    TELESCOPE. 

(26.)  An  equatorial  telescope  consists  of  a  telescope  so  mount- 
ed as  to  have  two  axes  of  motion  at  right  angles  to  each  other, 
and  also  a  graduated  circle  connected  with  each  axis,  at  right 
angles  to  its  lengtL  When  the  instrument  is  adjusted  for  use, 
one  axis  is  parallel  to  the  axis  of  the  earth,  and  is  called  the 
polar  axis ;  the  other  is  parallel  to  the  plane  of  the  equator,  and 
is  called  the  declination  axis.  When  a  telescope  is  mounted 
with  an  altitude  and  azimuth  movement  (as  is  the  case  with 
common  portable  instruments),  it  requires  a  motion  in  altitude 
as  well  as  in  azimuth  to  foUow  a  star  in  its  diurnal  course ; 
and  these  movements  are  sufficient  to  occupy  both  hands  of  the 
observer.'  But  with  a  telescope  mounted  equatorially,  only  one 
motion  is  required  to  follow  a  star ;  that  is,  a  motion  parallel  to 
the  plane  of  the  equator ;  and  this  motion  being  perfectly  uni- 
form, can  easily  be  effected  by  clock-work ;  by  which  means  the 
observer  has  both  his  hands  at  liberty  to  use  a  micrometer,  or 
for  any  other  purpose.  Such  an  instrument,  therefore,  affords 
great  advantages  in  measuring  the  relative  position  of  two  con- 
tiguous bodies,  in  measuring  the  diameters  of  the  planets,  etc. 
The  circle  which  is  connected  with  the  polar  axis  is  graduated 
into  hours,  minutes,  and  seconds  of  time,  to  indicate  the  right 
ascension  of  the  object  under  examination;  while  the  circle 
connected  with  the  declination  axis  is  graduated  into  degrees, 
minutes,  and  seconds  of  arc,  to  indicate  declination  or  polar 
distance. 
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(27.)  The  mode  of  mounting  now  generally  preferred  is  that 
employed  hy  Fraun- 
hofer,   and   is   repre* 
sented  in  the  annex- 
ed out. 

a  represents  the 
polar  axis  parallel  to 
the  axis  of  the  ecirth ; 
b  is  the  right  ascen- 
sion circle  attached  to 
the  supporting  frame, 
while  two  verniers, 
attached  to  the  polar 
axis,  and  revolving 
with  the  telescope^ 
point  out  the  right  as- 
cension of  a  star  upon 
this  circle.  The  axis 
c  is  the  declination 
axis,  at  right  angles 
with  the  polar  axis^ 
and  is  mounted,  so  as 
to  revolve  in  its  sup- 
ports; while  the  dec- 
lination circle,  d^  in- 
dicates the  declina- 
tion of  the  object 
under  examination. 
When  the  right  ascension  circle  is  clamped,  the  declination  axis 
may  be  made  to  revolve  through  360°,  by  which  means  the 
telescope  will  be  pointed  successively  to  every  degree  of  dec- 
ftiation.  When  the  declination  circle  is  clamped,  the  polar 
axis  may  be  made  to  revolve  through  360*^,  by  which  means 
the  telescope  will  describe  a  complete  circle  of  diurnal  motion. 
Thus,  by  means  of  these  two  motions,  which  are  at  right  tin- 
gles to  each  other,  the  telescope  may  be  turned  toward  any  part 
of  the  heavens.  Indeed,  there  are  always  two  positions  of  the 
instrument,  with  reference  to  the  polar  axis,  in  which  the  tel- 
escope may  be  pointed  upon  any  star.     If  we  suppose  the  tele- 
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scope  to  be  in  the  position  represented  m.^thd  preceding  out, 
and  revolve  it  180^  in  right  ascension,  and  also  about  180^  in 
declination,  the  telescope  will  point  toward  the  same  part  of  the 
heavens  as  at  present;  but  the  telescope  will  be  on  the  west 
side  of  the  polar  axis  instead  of  the  east  side.  One  is  called 
the  direct  position ;  the  other,  the  reversed  position  of  the  tel- 
escope. 

Connected  with  the  polar  axis  is  clock-work,  represented  at 
e,  by  which  the  instrument  is  turned,  so  as  to  follow  the  diurnal 
motion  of  a  star,  without  the  necessity  of  any  intetference  from 
the  observer.  The  driving  power  is  the  desojsnt  of  a  weight, 
g*,  which  communicates  motion  to  a  train  of  wheel-work,  and 
ultimately  to  the  polar  axis,  while  its  too  swift  descent  ia  reg- 
ulated by  the  friction  of  centrifugal  balls.  This,  contrivance 
serves  to  retain  any  object  upon  which  the  telescope  may  be 
pointed  in  the  centre  of  the  field  of  view  for  hours  in  suQce^on, 
leaving  the  attention  of  the  observer  undistracted,  and  both  bis 
hands  at  liberty. 

(28.)  The  equatorial  requires  the  following  adjustments : 

1.  The  polar  axis  must  be  elevated  to  the  altitude  of  the 
pole. 

2.  The  index  of  the  declination  circle  must  point  to  zero 
when  the  line  of  coUimation  ia  parallel  to  the  equator. 

3.  The  polar  axis  must  be  brought  into  the  mwidian. 

4.  The  line  of  coUimation  of  the  telescope  must  be.  perpeor 
dicular  to  the  decUnaiion  axis. 

5.  The  declination  axis  must  bo  perpendicular  to  the  polar 
axis. 

6.  The  index  of  the  hour  circle  must  point  to  zero  w:heu  the 
telescope  is  in  the  meridian  of  the  place. 

(29.)  First  Adjustment. — Observe  the  polar  distance  of  any 
known  star  when  near  the  meridian,  and  then,  timing  the 
polar  axis  half  round,  observe  the  same  sta^  again.  Take  the 
mean  of  the  two  observations,  which  is  the  distance  of  the  9tar . 
from  the  pole  of  the  instrument;  correct  it  for. refraction,  and 
compare  the  result  with  the  true  north  polar  distance  giveQ  by 
the  Nautical  Almanac.  If  the  star  is  above  the  pole,  and  the 
instrumental  exceeds  the  true  polar  distance,  the  pole  of.  the 
instrument  is  below  the  pole  of  the  heayens,  and  vice  versa* 
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Correot  this  erxor  by  4ihe  proper  screws  for  raising  or  depressing 
the  polar  axis. 

Example.  When  «  UrssB  Minoria  wa»  near  the  meridian,  its 
north  polar  distance  was  observed  to  be  7^  44^  7^^  the  face  of 
the  deolinationciixde  being  west ;  and  7^  44'  40'^  when  the  lace 
of  the  oirole  was  east. 

The  mean  of  these  two  observatioiis  is  7?  44'  2S'\5 ;  the 
refraction  was  52''.8 ;  making  the  corrected  polar .  distance 
70  43^  30^/7  rpi^e  p^i^f  distance  by  the  Nautical  Almanac 
was  7°  42' 40^7.  Hence  the  polar  axis  was  60"  too  low.  The 
refraction  is  derived  firom  Table  YIIL,  page  364. 

(30.)  Seeond  Adjustment. — ^Take  half  the  difference  of  the 
above  two .  observations  ;>  this  will  be  the  index  error  of  the 
declination  verniers^  and  tbey  must  be  moved  accordingly  by 
their  adjusting  screws.  Several  pairs  of  observations  should  be 
taken-,  in  order  to  ascertain  these  errors  with  great  accuracy. 

Example.  According  to  the  observations  above  given,  the 
index  error  was  16'^5,  to  be  added  to  observations  when  the 
circle  is  west     See  Art.  61  respecting  line  of  collimation. 

(31.)  Third  Adjushnent, — Observe  the  polar  distance  of  a 
star  which  is  six  hours  from  the  meridian,  the  star  being  not 
very  near  the  pole,  nor  yet  near  the  horizon.  Correot  this  for 
refraction  in  polar  distance,  and  compare  the  result  with  the 
true  polar  distance  from  the  Nautical  Almanaa  If  the  star  is 
to  the  east  of  the  meridian,  and  the  instrumental  exceeds  the 
apparent  polar  distance,  the  north  pole  of  the  instrument  is  to 
the  west  of  the  celestial  pole. 

Example.  The  polar  distance  of  a  Ursse  Majoris,  when  six 
hours  west  from  the  meridian,  was  observed  to  be  27^  23'  49"..0, 
the  face  of  the  circle  being  west.  Correcting  this  for  index  er- 
ror found  above,  16".5,  and  for  refraction  SO^'.S,  the  result  is  27^ 
24'  36".3.  The  polar  distance  by  the  Nautical  Almanac  is  27^ 
24'  43".7.     Hence  the  pole  of  the  instrument  was  7".4  west. 

(32.)  The  influence  of  refraction  upon  the  right  as- 
cension and  declination  of  a  star  may  be  computed  as 
follows : 

Let  A  represent  the  true  position  of  a  star,  B  its 
apparent  position  affected  by  refraction ;  then  AB  rep-  ^ 
resents  the  refraction  in  altitude.     Let  BC  represent 
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a  portion  of  an  hour  circle  passing  throogh  B,  and  let  AC  be  an 
arc  perpendicular  to  BC.  Then  ABC  may  be  regarded  as  a  plana 
right-angled  triangle,  in  which  AC  represents  the  effect  of  re- 
fraction in  right  ascension,  and  BG  the  effect  in  declination. 

Now    AC  =  AB  sin.  ABC ;  and  BC  =  AB  cos.  ABC. 

The  angle  ABC,  which  we  will  represent  by  p,  is  called  the 
parallactic  angle,  and  the  mode  of  computing  it  is  shown  in 
Art.  145.  Hence  the  refraction  in  right  ascension  is  equal  to 
the  refraction  in  altitude,  multiplied  by  the  sine  of  the  paral- 
lactic angle ;  and  the  refraction  in  declination  is  equal  to  the 
refraction  in  altitude,  multiplied  by  the  cosine  of  the  parallactic 
angle.  The  refraction  in  right  ascension  is  here  expressed  in 
parts  of  a  great  circle ;  if  we  wish  to  reduce  it  to  arc  of  right 
ascension,  we  must  divide  this  result  by  the  cosine  of  the  star's 
declination,  as  shown  in  Art.  72.     Hence  we  have 

-n  r     .'      •    -n    A      ref.  in  alt. x sin. p 

itefraction  m  K.  A.  = = —. 

COS.  dec. 

Refraction  in  Dec. = ref.  in  alt.  x  cos./?. 

(33.)  Fourth  Adjustment. — Observe  the  transit  of  an  equa- 
torial star  over  the  middle  vertical  wire,  or  mean  of  the  wires ; 
note  the  time,  and  read  off  the  verniers  of  the  hour  circle. 
Turn  the  polar  axis  half  round,  and  observe  the  same  star  a 
second  time  exactly  as  before.  Now  the  interval  between  the 
two  observations  should  correspond  exactly  to  the  difference  be- 
tween the  two  readings  of  the  hour  circle.  If  they  do  not  cor- 
respond, it  is  evident  that  one  of  the  transits  has  been  observed 
too  early,  and  the  other  too  late,  on  account  of  the  erroneous  po- 
sition of  the  wires.  One  half  the  difference  between  the  inter- 
val as  measured  by  the  clock,  and  that  by  the  hour  circle,  will 
be  the  error  of  coUimation. 

Example,  The  following  observations  were  made  upon  <Jl 
Ophiuchi : 


Face  of  Circle. 

Sidereal  Time. 

Hour  Circle. 

West    .     .    . 
East     .     .     . 

16  12  58.8 
16  19    9.7 

k.     m.        *. 

0    6  51.0 
0  13    0.5 

The  interval  between  the  two  observations  is  6m.  10.9s. ; 
the  difference  between  the  two  readings  of  the  hour  circle  is 
6m.  9.5s.     One  half  the  difference  is  0.7s.,  which  is  the  error 
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of  collimation  to  be  added  to  the  readings  of  the  hour  circle 
when  the  circle  is  east. 

(34.)  Fifth  Adjustment.  —  The  declination  axis  should  he 
placed  by  the  maker  perpendicular  to  the  polar  axis,  and,  hav- 
ing been  once  accurately  adjusted,  is  not  liable  to  subsequent 
derangement  The  accuracy  of  this  adjustment  may  be  tested 
as  follows :  Bring  the  declination  axis  into  a  horizontal  position 
by  means  of  a  spirit-level,  whose  legs  rest  upon  the  extremities 
of  the  declination  axis,  and  read  the  hour  circle.  Turn  the  po- 
lar axis  half  round ;  bring  the  declination  axis  into  a  horizontal 
position  by  means  of  the  level,  as  before,  and  again  read  the 
hour  circle.  If  the  readings  agree  in  both  positions,  or  differ  by 
12h.  (when  the  graduation  is  to  24h.),  the  declination  axis  is 
adjusted.  If  the  readings  do  not  agree,  the  declination  axis  is 
not  perpendicular  to  the  polar  axis.  If  the  declination  axis  is 
furnished  with  adjusting  screvTS,  place  the  hour  circle  half  way 
between  the  position  it  actually  has  and  that  which  it  ought  to 
occupy,  in  order  that  the  readings  may  differ  by  exactly  twelve 
hours,  and  make  the  declination  axis  horizontal  by  raising  or 
depressing  the  proper  screws. 

(35.)  This  adjustment  may  be  tested  astronomically  as  fol- 
lows :  Observe  the  transit  of  a  star  not  less  than  45°  from  the 
equator,  in  both  positions  of  the  polar  axis,  as  directed  for  the 
fourth  adjustment.  Since  an  elevation  of  the  west  end  of  the 
declination  axis  causes  the  line  of  sight  to  describe  a  circle  to 
the  east  of  the  pole,  all  the  transits  observed  in  that  position 
will  be  too  early ;  and,  vice  versa,  all  will  be  too  late  when  the 
east  end  is  high.  Again,  if  the  west  end  is  too  high  before 
reversing,  the  east  end  is  too  high  after  reversing,  so  that  an 
error  of  inclination  has  a  different  effect  upon  observations  in 
reversed  positions,  and  thus  the  interval  is  increased  or  dimin- 
ished by  twice  the  error  of  a  single  observation.  The  law  of  the 
error  is,  that  it  varies  as  the  tangent  of  the  star's  declination. 
If  we  represent  the  interval  between  the  observations,  as  meas- 
ured by  the  clock,  by  c,  and  the  interval,  as  measured  by  the 
hour  circle,  by  A,  then 

g~A 
2  tang.  dec. 
will  be  the  error  in  the  position  of  the  declination  axis. 
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(36.)  Sixth  Adfuatment. — Set  &q  declination  axis  horizontal 
by  means  of  the  level,  when,  if  the  previous  adjustments  have 
bgen  properly  performed,  the  instrument  will  be  in  the  meridian, 
and  the  verniers  may  be  set  to  zero.  Or,  olamp  the  instrument 
approximately  in  the  meridian^  observe  the  transit  of  one  or 
more  known  stars  not  far  from  the  equates,  and  correct  the  time 
of  observation  for  the  error  of  the  dock.  Then,  sinoe  the  right 
ascension  of  the  star = the  true  sidereal  time  of  observation,  :i= 
the  true  hour  angle  from  the  meridian,  the  true  hour  angle  is 
known,  and  the  verniers  may  be  set  to  mark  it. 

If  it  is  proposed  to  determine  the  absolute  place  of  a  heaven- 
ly body  by  means  of  the  equatorial,  it  is  necessary  to  determine 
its  errors  with  great  accuracy ;  but  this  instrument  is  chiefly 
employed  for  determining  differences  of  right  ascension  and  dec- 
lination of  objects  very  near  each  other,  in  which  case  entire  ac- 
curacy in  all  the  adjustments  becomes  of  less  importance. 

THE    MICROMETER. 

(37.)  The  object  of  the  micrometer  is  to  measure  small  ce- 
lestial arcs  in  the  field  of  view  of  a  telescope.  It  appears  un- 
der a  great  variety  of  forms ;  but  the  one  now  most  commonly 
empbyed  is  called  the  spider-lina  micrometer,  or  filar  microm- 
eter. It  consists  essentially  of  two  parallel  spider  lines  inserted 
in  the.conmion  focus  of  the  object^kss  and  eye-glass,  in  such  a 
manner  that  they  may  be  made  to  ooincide  or  be  separated  by 
the  slow  motion  of  a  screw.  The  number  of  revolutions  and 
parts  of  a  revolution  of  the  screw  are  indicated  by  a  scale  out- 
side of  the  tube,  and  this  affords  a  measure  of  the  distance  pf 
the  spider  hnes,  or  of  any  two  celestial  objects  with  which  they 
may  be  made  to  coincide. 

(38.)  The  figure  on  the  opposite  page  represents  the  spider- 
line  micrometer,  as  made  by  Troughton.  It  consists  of  a  rect- 
angular box,  three  or  four  inches  long,  about  one  inch  broad, 
and  a  quarter  of  an  inch  in  thickness,  with  a  graduated  screw- 
head  at  each  extremity ;  aaaa  are  the  sides  of  the  box  seen 
edgewise ;  bbb,  ccc  are  two  forks  of  brass,  which  sUde  one. 
within  the  other,  in  opposite  directions,  and  across  them  are 
stretched  the  spider  lines  d  and  e ;  ff  are  fine  screws  attached 
to  the  forks,  and,  passing  through  the  ends  of  the  box,  enter 
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the  miUfid  heads  gg^  with  each  of  which  is  coimected  a  small 
graduated  circle.     Whenever  the  he€ui8  gg  are  tamed  in  the 


direction  of  the  numbers  upon  the  circles,  the  forks  be  are 
drawn  outward ;  and  when  they  are  turned  in  the  contrary  di- 
rection, the  springs  hh  push  the  forks  inward,  and  thus  prevent 
any  loss  of  motion  in  the  screw.  The  screws  have  about  100 
threads  to  the  inch,  so  that  one  revolution  of  the  head  g  car- 
ries the  line  d  over  the  hundredth  part  of  an  inch.  The  cir- 
cumference of  the  circle  attached  to  the  head  g  is  divided  into 
a  hundred  equal  parts,  so  that  the  motion  of  the  head  g  through 
one  of  these  divisions  advances  the  line  d  through  one  ten  thou- 
sandth pcui;  of  an  inch.  The  long  line  /,  running  at  right  angles 
to  the  small  ones,  should  be  placed  parallel  to  the  two  objects 
whose  distance  is  to  be  measured. 

On  one  side  of  the  field  of  view  is  a  notched  scale  of  teeth, 
corresponding  in  size  to  the  threads  of  the  screw.  Every  fifth 
one  is  cut  deeper  than  the  rest,  and  they  are  numbered  from 
zero,  at  the  centre,  by  tens,  in  each  direction.  The  spider  lines 
may  be  made  to  coincide  at  zero,  which  is  represented  by  the 
small  circular  hole  made  near  the  middle  of  the  scale,  and  they 
may  be  made  to  glide  by  each  other  a  short  distance,  e  passing 
very  close  under  d. 

(39.)  In  order  to  measure  any  distance,  as,  for  example,  the 
sun's  diameter,  turn  one  of  the  heads  until  the  attached  line  is 
drawn  15  or  20  notches  to  the  left  of  zero,  €md  the  other  head 
in  the  contrary  direction,  until  d  may  be  made  to  touch  one 
limb  while  e  touches  the  other.  Read  off  in  the  field  of  view 
how  many  notches  have  been  passed  over  by  each  wire,  and  the 
fractional  part  of  a  revolution^  on  the  divided  heads.  The  sum 
of  the  two  quantities  will  give  the  whole  number  of  revoljitions 
and  parts  indicated.    If  the  distance  to  be  measured  is  small,  it 
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will  only  be  necessary  to  move  one  of  the  lines  while  the  other 
remains  at  zero. 

The  micrometers  made  at  Mmiich  differ  from  the  preceding 
in  having  but  a  single  graduated  head,  and  only  one  of  the 
threads  is  designed  to  be  moved  in  observations.  The  other 
thread  is  only  allowed  a  slight  motion  to  adjust  for  index  error. 

To  find  the  value  of  one  revolution  of  the  screw, 

(40.)  First  Method.  —  Find  how  many  revolutions  of  the 
screw  will  exactly  measure  the  vertical  diameter  of  the  sun 
when  his  altitude  is  considerable,  allowance  being  made  for  the 
difference  of  refraction  of  the  upper  and  lower  limbs.  The 
whole  diameter,  as  given  by  the  Nautical  Almanac,  reduced  to 
seconds,  and  divided  by  the  number  of  revolutions  and  decimal 
parts  observed  on  the  head  of  the  screw,  will  give  the  value  of 
a  single  revolution. 

Example,  When  the  sun's  altitude  was  40°  30^,  his  vertical 
diameter  was  measured  by  40.98  revolutions  of  the  micrometer 
screw.  The  sun's  diameter,  according  to  the  Nautical  Almanac, 
was  31^  ZV\2.  The  refraction  of  the  lower  limb  was  computed 
to  be  V\2  greater  than  that  of  the  upper  limb ;  hence  the  ap- 
parent vertical  diameter  of  the  sun  was  1890^^.  Therefore,  the 
value  of  one  revolution  of  the  screw  was 

40.98"^^  '^'^' 
(41.)  Second  Method, — Separate  the  two  lines  by  any  con- 
venient number  of  revolutions,  and  observe  the  time  required 
by  an  equatorial  star  to  pass  from  one  line  to  the  other.  We 
thus  obtain  the  interval  between  the  two  lines  in  seconds  of 
time,  which,  divided  by  the  number  of  revolutions,  gives  the 
value  of  one  revolution  of  the  screw.  This  result  will  be  the 
more  reliable,  the  greater  the  distance  between  the  lines,  because 
the  unavoidable  error  in  estimating  a  fraction  of  a  second  of 
time  is  reduced  by  a  larger  divisor ;  and  the  observation  should 
be  repeated  until  a  satisfactory  result  is  obtained.  The  same 
result  may  be  obtained  from  a  star  situated  out  of  the  equator, 
by  reducing  the  observed  interval,  in  the  manner  described  in 
Art.  72.  This  method  will  be  illustrated  by  an  example  with 
the  transit  instrument,  Art.  73. 
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POSITION    AnCROMETER. 

(42.)  It  is  often  required  to  measure  the  angle  which  the 
line  joining  the  centres  of  two  stars  makes  with  the  meridian. 
This  is  effected  by  means  of  rack- work  and  a  screw,  carrying 
the  spider-Une  micrometer  round  in  a  circle,  at  right  angles  to 
the  axis  of  the  telescope, 

and  the   motion  is   meas-  ^, A   ijiliif'ij 

ured  by  means  of  a  grad- 
uated circle. 

The  annexed  figure  rep- 
resents the  spider-line  mi- 
crometer attached  to  the 
end  of  a  telescope,  and  hav- 
ing, besides,  a  graduated 
circle,  AA,  with  a  milled 
head,  S,  acting  upon  a  con- 
cealed rack,  by  which  the 
micrometer,  BB,  may  be 
made  to  revolve  entirely 
round  the  axis  of  the  tele- 
scope. This  motion  is  measured  upon  the  circle  AA  by  means 
of  the  fixed  index  C. 

In  order  to  measure  the  angle  of  position  of  two  stars,  point 
the  telescope  upon  one  of  the  stars,  and  turn  the  micrometer 
until  the  line  /  (see  figure,  page  33)  is  made  to  bisect  the  star 
during  the  whole  time  of  its  crossing  the  field  of  view ;  this 
line  will  then  be  parallel  with  the  equator.  Let  the  index  of 
the  position  circle  now  be  put  to  zero.  Then  revolve  the  mi- 
crometer until  the  line  /  can  be  made  to  bisect  both  stars  at  the 
same  time,  and  note  the  reading  of  the  position  circle.  This 
will  be  the  angle  of  position  measured  from  a  parallel  of  decli- 
nation, as  practiced  by  Sir  William  Herschel. 

(43.)  An  equatorial,  furnished  with  a  micrometer,  affords  the 
most  convenient  means  of  determining  the  position  of  a  comet, 
by  comparing  it  with  some  neighboring  star.  The  method  rof 
observation  is  as  follows :  The  equatorial  having  been  previous- 
ly adjusted,  point  the  telescope  upon  some  convenient  star,  and 
make  the  wire  /  of  the  micrometer  (see  figure,  page  33)  parallel 
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to  the  equator,  which  is  known  to  be  the  ccise  when  a  star  will 
travel  along  the  wire  during  its  passage  through  the  field  of  the 
telescope.  Then  turn  the  circle  90°,  and  the  line  I  will  be  per- 
pendicular to  the  equator.  Now  point  the  telesc(^e  upon  the 
comet,  and,  having  clamped  both  the  hour  and  declination  cir- 
cles very  firmly,  note  by  the  clock  the  time  when  the  comet 
passes  over  the  wire  /,  bisecting  it  at  the  same  time  by  the  wire 
€,  Wait  till  the  star  of  comparison  passes  over  the  field,  note 
its  transit  over  the  wire  /,  and  bisect  it  in  declination  with  the 
wire  dy  by  turning  the  head,  g*,  of  the  micrometer  screw.  Then 
the  difference  of  the  times  of  observation  gives  the  difference  of 
right  ascension  between  the  comet  and  star,  and  the  diflference 
of  declination  is  taken  from  the  micrometer.  If  the  place  of 
the  star  of  comparison  is  not  already  known,  it  must  be  after- 
ward observed  by  meridian  instruments,  and  then  the  place  of 
the  comet  is  deduced  with  the  greatest  accuracy. 
(44.)  Method  of  illuminating'  the  Lines, 
Hitherto  it  has  been  presumed  that  the  spider  lines  in  the 
micrometer  will  be  visible  in  all  celestial  observations,  made  by 
night  as  well  as  by  day ;  whereas,  in  all  nocturnal  observations, 
artificial  light  is  required  to  render  the  lines  of  the  micrometer 
vbible.  This  light  is  supplied  by  opening  a  circular  hole  in  the 
side  of  the  main  tube,  before  which  a  lamp  is  suspended,  and 
pladng  an  oval  ring  of  gilt  metal,  deadened  so  as  to  reflect  a 
mitigated  light  up  the  telescope,  at  a  proper  angle  of  inclination 
within  the  tube.  In  order  to  regulate  the  quantity  of  light,  so 
as  not  to  conceal  faint  stars  from  view,  variable  diaphragms  may 
be  interposed,  or  darkening  glasses  of  different  shades  of  color. 

By  means  of  a  small  lamp, 
fitted  to  an  aperture  in  the  tube 
next  to  the  eye-piece,  the  wires 
may  be  illuminated  while  the 
field  remains  dark,  thus  enabling 
the  observer  to  have  bright  lines 
and  a  dark  field,  or  a  bright  field 
and  dark  lines,  at  pleasure. 

The  annexed  diagram  repre- 
sents the  illuminated  lines  as 
they  are  usually  arranged  in  a 
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small  transit  instrument,  with  a  star  just  going  off  on  the  left 
side,  and  the  planet  Venus  approaching  to  the  first  wire. 

(45.)  Sir  William  Hersohel  was  accustomed  to  distinguish 
angles  of  position  by  the  terms  norths  following^  souths  preced- 
ing ;  which  words  were  designated  by  the  initials  w,  /,  5,  p  ; 
and  he  measured  angles  only  up  to  90^ ;  beginning  at  the  pre- 
ceding and  following  points,  and  reading  each  way,  north  and 
south,  up  to  90^.  It  is  now  more  common  to  measure  angles 
of  position  fiom  the  north  point  by  the  east,  round  to  360^. 
The  following  diagram  shows  both  forms,  as  used  in  the  re- 
versed field  of  a  telescope. 


COMET-SEEKER. 

(46.)  The  comet-seeker  is  a  telescope  having  an  object-glass 
of  large  aperture  and  short  focal  length,  with  which  low  mag- 
nifying powers  are  used,  that  it  may  have  a  large  field  of  view, 
and  collect  the  greatest  possible  amount  of  light.  The  figure 
on  the  next  page  represents  such  an  instrument  mounted  equa- 
torially.  It  rests  upon  a  tripod,  with  foot  screws,  H,  H,  H,  for 
leveling.  From  the  tripod  rises  a  vertical  shaft,  whose  upper 
extremity  is  enlarged  for  the  support  of  an  axis,  P,  parallel  to 
the  axis  of  the  earth.     To  this  is  attached  an  hour  circle,  Gr, 
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graduated  to  hours,  nimutes»  and  seconds ;  and  upon  its  edge 

are  cut  threads,  to  receive  an 
endless  screw,  M,  which  com- 
municates a  slow  motion 
about  the  axis.  At  right  an- 
gles to  the  polar  axis  is  the 
declination  axis,  with  its  cir- 
cle, E,  divided  into  degrees 
and  minutes,  and  having  also 
a  tangent  screw  for  slow  mo- 
tion. The  telescope  tube,  T, 
is  of  the  ordinary  construc- 
tion, and  is  accurately  coun- 
terpoised by  the  weight  W. 
The  shaft  has  a  level,  L,  for 
adjusting  it  to  a  vertical  po- 
sition by  means  of  the  foot 
screws,  and  a  tangent  screw, 
bd,  gives  a  slow  motion  in 
azimuth. 

(47.)  The  adjustments  of 
this  instrument  are  the  same 
as  those  of  a  large  equatorial ; 
but  inasmuch  as  it  is  design- 
ed merely  to  scour  the  heav- 
ens in  search  of  comets,  and 

not  for  accurate  observations  of  position,  no  great  precision  is 

usually  aimed  at  in  the  adjustments. 


CHAPTER  11. 

THE  TRANSIT  INSTRUMENT. 

(48.)  The  transit  is  a  meridional  instrument,  employed,  in 
connection  with  a  clock  or  chronometer,  for  observing  the  pas- 
sage of  celestial  objects  across  the  meridian,  either  for  obtain- 
ing correct  time  or  determining  their  right  ascensions. 

(49.)  The  figure  on  the  next  page  represents  a  portable  transit 
instrument.  The  telescope  tube,  AA,  is  supported  upon  an  axis, 
BB,  placed  at  right  angles  to  the  direction  of  the  telescope. 
This  axis  terminates  in  two  cylindrical  pivots  which  rest  in  Y's, 
which  are  strongly  united  to  the  two  uprights  CC.  The  stand 
CDC,  carrying  the  Y's,  is  made  of  cast-iron,  and  should  be  made 
of  a  single  piece,  in  order  to  secure  a  steady  and  permanent  po- 
sition. At  the  lefb  end  of  the  axis  there  is  a  screw,  E,  by  which 
the  Y  of  that  extremity  may  be  raised  or  lowered  a  little,  in 
order  that  the  axis  may  be  made  perfectly  horizontal  At  the 
right  end  of  the  axis  is  a  screw,  F,  by  which  the  Y  of  that  ex- 
tremity  ms^y  be  moved  backward  or  forward,  in  order  to  enable 
OS  to  bring  the  telescope  into  the  plane  of  the  meridian.  Near 
the  right  end  of  the  axis  is  fixed  a  circle,  G,  which  turns  with 
the  axis,  while  the  vernier,  H,  remains  stationary  in  a  horizon- 
tal position,  and  shows  the  altitude  to  which  the  telescope  is 
elevated.  The  vernier  is  set  horizontal  by  means  of  an  attached 
spirit  level,  I.  The  level  KK  rides  on  the  pivots  of  the  axis. 
There  is  a  pin  at  each  end,  which  drops  into  a  fork  at  L,  to  hold 
the  level  safely  and  upright.  At  the  lefb  end  is  the  adjustment 
for  setting  the  level  tube  parallel  with  the  axis.  At  the  other 
end  is  an  adjustment  for  raising  or  depressing  the  extremity  of 
the  level. 

(50.)  Near  tiie  eye  end,  and  in  the  principal  focus  of  the 
telescope,  is  placed  the  diaphragm  or  wire  plate,  carrying  five 
or  seven  verticed  wires,  and  two  horizontal  ones,  between  which 
the  star  is  observed.  The  central  vertical  wire  ought  to  be 
fixed  in  the  optical  axis  of  the  telescope,  and  perpendicular 
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with  respect  to  the  pivots  of  the  axis.  These  wires  are  rendered 
visible  in  the  day  time  by  the  diffuse  Ught  of  day,  which  pene- 
trates the  tabe  of  the  telescope ;  but  at  night,  artificial  illu- 
mination is  required.  This  illumination  is  effected  by  piercing 
one  of  the  pivots,  and  admitting  the  light  of  a  lamp,  M,  fixed 
on  the  top  of  one  of  the  standards.  This  Ught  is  directed  to 
the  wires  by  a  reflector,  placed  diagonally  at  the  junction  of 
the  axis  and  telescope ;  the  reflector  having  a  large  hole  in  its 
centre,  so  as  not  to  interfere  with  the  rays  passing  down  the 
telescope  from  the  object.  By  inclining  the  opening  of  the 
lantern,  more  or  less  light  may  be  admitted  to  the  telescope,  to 
accommodate  faint  objects,  which  might  be  entirely  eclipsed 
by  a  bright  light.  The  telescope  is  furnished  with  a  diagonal 
eye-piece,  W,  by  which  stars  neai  the  zenith  may  be  observed 
without  inconvenience.  The  head  of  the  micrometer  screw  is 
shown  at  P. 

(51.)  A  transit  instrument  for  a  large  observatory  differs  from 
the  preceding  chiefly  in  being  of  larger  dimensions,  and  resting 
upon  stone  piers  instead  of  a  movable  frame.  The  figure  on 
the  next  page  represents  such  an  instrument,  as  made  by  Ertel 
and  Son,  of  Munich.  PP  are  the  stone  piers,  which  rest  upon 
ioundations  sunk  deep  in  the  earth.  The  axis  of  the  telescope 
is  made  strong,  so  as  to  resist  flexure,  and  was  cast  in  a  single 
piece,  the  middle  part  of  it  being  in  the  form  of  a  cube.  The 
telescope  tube  is  composed  of  two  conical  frustums,  which 
are  fastened  by  screws  to  the  cubical  part  of  the  axis.  The 
weight  of  a  seven-feet  transit  is  about  200  pounds.  In  order 
that  the  pivots  may  be  relieved  from  a  portion  of  this  weight, 
there  is  raised  upon  the  top  of  each  pier  a  brass  pillar,  E,  about 
18  inches  high.  On  the  top  of  the  pillar  there  is  a  lever,  H, 
from  one  end  of  which  hangs  a  strong  brass  hook,  X,  support- 
ing two  friction  rollers  under  the  ends  of  the  great  axis.  A 
counterpoise,  W,  sliding  on  the  other  end  of  the  lever,  may  be 
made  to  support  as  much  of  the  weight  of  the  instrument  as  is 
desired. 

(52.)  Both  the  pivots  of  the  axis  are  perforated  to  admit  the 
light  of  a  lamp,  on  an  elliptic-ring  reflector  placed  inside  the 
square  part  of  the  axis.  To  moderate  the  light  of  the  lamp, 
L,  there  is  a  green  glass  wedge,  movable  up  and  down  between 
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the  lamp  and  pivot.  The  thinnest  part  of  the  wedge  trcmsmits 
nearly  all  the  Ught  of  the  lamp,  while  the  thickest  part  trans- 
mits only  as  much  light  as  is  barely  sufficient  to  show  the 
spider  lines.  On  each  side  of  the  eye  end  of  the  telescope  is  a 
finding  circle,  D,  with  a  level,  by  which  the  telescope  can  be  set 
to  any  zenith  distance. 

There  cure  also  in  the  eye-tube,  at  the  back  of  the  plate  ceu:- 
rying  the  spider  lines,  two  oblong  openings  covered  with  glass. 
A  lighted  taper  held  near  either  of  these  apertures  illumines  the 
lines  without  enlightening  the  field  of  view,  by  which  means 
very  small  stars  C8ui  be  observed,  which  could  not  be  seen  by 
the  ordinary  illumination.  Z  represents  the  handle  of  the  screw 
which  fastens  the  clamp  arm  to  the  axis  of  the  instrument ;  B 
and  C  are  handles,  by  which 
a  slow  motion  in  altitude  is 
given  to  the  telescope ;  00 
is  the  eye-piece,  with  spider 
lines,  micrometer,  etc. 

(53.)  It  is  frequently  neces- 
sary to  reverse  the  axis  of  the 
transit  instrument,  and  large 
telescopes  need  some  special 
contrivance  by  which  this 
may  be  readily  accomplished. 
The  most  convenient  appara- 
tus for  this  purpose  is  a  revers- 
ing stand,  represented  in  the 
annexed  figure.  The  stand, 
being  on  rollers,  is  brought 
under  the  axis  of  the  transit, 
when,  by  turning  the  handle 
K,  the  rod  MN  is  elevated  by 
means  of  a  screw,  and  the 
instrument  lifted  from  the 
piers  by  means  of  the  forks 
RR.  The  stand  is  then  rolled 
away  from  between  the  piers, 
and  the  instrument  turned 
half   round      The    stand    is 
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again  rolled  between  the  piers,  and  the  axis  returned  to  its 
place. 

ADJUSTMENTS. 

(54.)  When  the  instrument  is  set  up,  it  should  be  so  placed 
that  the  telescope,  if  turned  down  to  the  horizon,  may  point 
north  and  south  as  near  as  can  possibly  be  ascertained.  This, 
of  course,  can  only  be  done  approximately,  as  the  meridian  can 
not  be  accurately  determined  until  the  other  adjustments  have 
been  completed. 

Distinctness  of  vision  and  parallax. 

(55.)  The  system  of  wires  or  spider  lines  should  be  in  the 
common  focus  of  the  object-glass  and  eye-glass.  In  order  to 
place  the  lines  in  the  focus  of  the  eye-glass,  push  in  or  draw 
out  the  eye-tube  until  they  are  seen  with  perfect  distinctness. 
Now,  if  the  wires  are  not  in  the  focus  of  the  object-glass  when 
the  telescope  is  directed  toward  a  distant  mark,  if  the  eye  be 
moved  a  little  to  the  right  or  left,  the  mark  will  appear  to  move 
with  reference  to  the  lines.  When  this  is  the  case,  the  object- 
glass  or  the  wires  must  be  moved  in  the  tube  until  the  parallax 
is  corrected,  after  which  they  must  be  secured  firmly  to  their 
places.  After  the  transit  has  been  placed  in  the  meridian,  and 
the  wires  adjusted  as  described  hereafter,  let  a  star  run  along 
the  horizontal  wire,  and  if  it  does  not  remain  perfectly  bisected 
while  the  eye  is  moved  up  and  down,  the  adjustment  for  par* 
allax  is  not  complete. 

Horizontality  of  the  axis. 

(56.)  The  axis  on  which  the  telescope  turns  must  next  be 
made  horizontal.  This  is  effected  by  means  of  the  level.  The 
level  is  a  glass  tube,  apparently  cylindrical,  but  in  reality  a  por- 
tion of  a  ring  of  very  large  radius,  nearly  filled  with  spirit  of 
wine  or  sulphuric  ether.  The  convex  side  being  placed  upward, 
3  the  bubble  will  occupy  tiie  higher  part, 

as  ab ;  and  if  either  end  of  the  level 
be  elevated,  the  bubble  will  move  in 
that  direction.  If,  then,  a  divided  scale  be  attached  to  the  level, 
the  motion  of  the  bubble  will  measure  the  elevation  of  the  end 
of  the  level.  The  figure  on  the  opposite  page  shows  the  com- 
mon form  of  level,  which  should  be  made  of  such  dimensions, 
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that  the  legs  may  extend  from  one  pivot  of  the  transit  instru- 
ment to  the  other. 


Fig.  1  represents  a  front  view  of  the  level,  Figs.  2  and  3  rep- 
Fig.  2.  resent  end  views  of  the  legs.    The  level     fj«.  3. 

g'  consists  of  a  glass  tube,  GrGr,  which  lies 


«»(@)a 


in  a  semi-oylinder  of  brass,  BB,  and  is  f"^^ 
secured  to  it  by  two  thin  brass  straps, 
DD.     The  cylinder  is  connected  with 
one  leg  of  the  level  by  the  two  screws, 
/Al  SS',  seen  in  Fig.  2,  and  with  the  other 

leg  by  the  screws  TT^  seen  m  Fig.  3.  The  screws  SS"  l/A 
serve  to  move  the  cylinder  BB  in  a  horizontal  direction ;  the 
screws  TT'  serve  to  move  it  in  a  vertical  direction.  Each  foot 
of  the  level  has  two  planes,  incUned  at  an  angle  of  60  to  90  de- 
grees, which  are  designed  to  rest  upon  the  pivots  of  the  transit 
(57.)  The  level  should  be  so  adjusted  that  its  axis  may  be 
parallel  with  the  axis  of  the  transit.  For  this  purpose,  place  the 
level  upon  the  pivots  of  the  axis,  and  bring  the  air-bubble  to  the 
centre  of  the  glass  tube  by  turning  the  screw  which  raises  or 
lowers  the  end  of  the  axis.  Then  reverse  the  level  so  that  the 
end  which  before  rested  on  the  right  pivot  may  rest  on  the  left. 
If  the  bubble  settles  in  the  same  position  as  before,  we  may  con- 
elude  tiiat  the  axis  of  the  transit  is  horizontal ;  but  if  the  bub- 
ble moves  from  its  former  position,  the  amount  of  this  motion 
will  be  equal  to  twice  the  inclination  of  the  axis  to  the  horizon^ 
Tum  the  screw  at  the  end  of  the  axis  so  as  to  move  the  bubble 
over  half  this  distance ;  then  loosen  one  of  the  screws,  TT',  Fig. 
3,  and  tighten  the  other,  until  the  bubble  is  brought  back  to  the 
middle  of  the  tube. 

Since  it  is  difficult  to  make  this  adjustment  perfect  at  a  sin- 
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gle  trial,  we  must  repeat  the  same  series  of  operations  mitil  the 
bubble  occupies  the  same  place  in  both  the  direct  and  reversed 
positions  of  the  level.  When  this  is  accomplished,  the  axis  of 
the  level  will  be  in  a  plane  which  is  parallel  to  the  axis  of  the 
transit,  but  the  two  axes  will  not  necessarily  be  parallel  with 
each  other.  To  determine  whether  such  is  the  case,  revolve  the 
level  slightly  upon  the  axis  of  the  transit,  the  feet  of  the  level 
remaining  all  the  while  in  contact  with  the  pivots.  If  the  bub- 
ble changes  its  place,  the  axis  of  the  level  must  be  inclined  to 
the  axis  of  the  transit,  and  we  must  turn  the  screws  SS',  Fig, 
2,  either  forward  or  backward,  until  a  slight  rotation  of  the  level 
about  the  axis  of  the  transit  causes  no  sensible  change  in  the  po- 
sition of  the  bubble.  When  this  second  correction  is  completed, 
the  former  must  be  verified  anew. 

(58.)  To  discover  whether  the  level  is  well  made,  place  it 
upon  a  rule,  having  at  one  end  two  points,  which  enter  two  cor- 
responding cavities  upon  an  iron  bar,  while  at  the  other  end  of 
the  rule  is  a  delicate  micrometer  screw,  pressing  firmly  against 
a  cavity  in  the  iron  bar.  The  whole  must  be  placed  upon  a 
very  firm  support.  Then,  upon  turning  the  micrometer  screw 
so  as  to  change  the  inclination  of  the  level  to  the  horizon,  it  will 
be  easily  seen  whether  equal  parts  of  a  rotation  of  the  screw 
correspond  to  equal  movements  of  the  bubble  along  the  glass 
tube.  When  this  is  the  case,  the  level  is  good.  By  means  of 
this  arrangement  wo  may  easily  determine  the  value  of  one  di- 
vision of  the  level,  expressed  in  seconds  of  arc.  Measure  the 
distance  of  the  cavity  in  which  the  micrometer  screw  rests  from 
ihQ  middle  of  the  line  connecting  the  two  other  cavities  in  the 
iron  bar,  and  represent  this  distance,  expressed  in  inches  and 
parts  of  an  inch,  by  d.  Count  the  number  of  threads  contained 
in  an  inch  upon  the  screw,  iimm  which  we  can  determine  the 
distance  between  two  threads,  expressed  in  parts  of  an  incL 
Represent  this  distance  by  b.  Then,  it  is  plain  that  the  incli- 
nation of  the  level  to  the  horizon  will  be  changed  in  one  revo- 
lution of  the  screw  by  an  angle  equal  to  -y—, — ^77.    If,  therefore, 

a  sm.  1 

we  know  how  many  divisions  of  the  level  correspond  to  one  rev- 
olution of  the  screw,  we  may  determine  the  value  of  one  division 
of  the  level,  expressed  in  parts  of  a  second. 
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(59.)  We  may  also  detemaine  the  value  of  one  division  of  the 
level  in  the  following  manner : 

Fix  the  level  to  the  tube  of  a  telescope  connected  with  a  vert- 
ical divided  circle  reading  to  seconds.  Move  the  telescope  by 
means  of  the  tangent  screw,  so  as  to  carry  the  bubble  success- 
ively to  one  side  and  the  other  of  the  level,  and  read  ofi*  the  cir- 
cle in  the  two  positions.  The  difference  of  these  readings  in 
seconds,  divided  by  the  number  of  divisions  of  the  level  that  the 
bubble  has  moved,  will  give  the  value  of  one  division.  Delicate 
levels  are  generally  designed  to  be  divided  in  such  a  manner 
that  one  division  shall  represent  one  second  of  arc.  At  one  end 
of  the  level-tube  are  smcJl  screws,  by  which  that  end  may  be 
elevated  or  depressed,  so  as  to  bring  the  bubble  into  the  middle 
of  the  tube  when  the  level  is  placed  on  a  horizontal  surface. 

Perpendicularity  of  the  wires. 

(60.)  It  is  desirable  that  the  central  or  middle  wire  should 
be  truly  vertical,  as  we  may  then  observe  the  transit  of  a  star 
on  any  part  of  it  as  well  as  the  centre.  For  this  purpose,  direct 
the  telescope  upon  a  small,  well-defined,  and  distant  object.  If, 
on  moving  the  telescope  in  altitude,  this  mark  is  perfectly  bi- 
sected by  the  central  wire  from  top  to  bottom,  the  wire  is  per- 
pendicukr  to  the  horizontal  axis.  If  not,  the  ring  or  tube  con* 
taining  the  wires  must  be  turned  round  until  the  mark  is  bi- 
sected by  every  part  of  the  wire.  The  other  vertical  wires  are 
placed  by  the  maker  as  nearly  as  possible  equidistant  from  each 
other,  and  parallel  to  the  middle  one ;  therefore,  when  the  mid- 
dle one  is  adjusted,  the  others  are  also  adjusted.  The  trans- 
verse wires  are  also  placed  at  right  angles  to  the  vertical  mid- 
dle wire. 

CoUimation. 

(61.)  The  optical  axis  of  a  lens  is  the  line  which  joins  the 
centres  of  the  spherical  surfaces  by  which  the  lens  is  bounded. 
When  a  telescope  is  properly  constructed,  the  axes  of  the  object- 
glass  and  eye-glass  must  lie  in  the  straight  line  which  joins  the 
centres  of  the  object-glass  and  eye-glass.  This  straight  line  is 
called  the  optical  axis  of  the  telescope. 

The  principal  line  of  sight,  or  the  line  of  collimation^  is  de- 
termined by  the  direction  of  the  ray  of  light  which  passes 
through  the  centre  of  the  object-glass,  and  touches  the  middle 
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vertical  thread  midway  between  the  two  horizontal  threads.  In 
the  rotation  of  the  telescope  about  its  axis,  the  line  of  collima- 
tion  should  describe  a  plane  perpendicular  to  this  axis.  To  de- 
termine whether  such  is  actually  the  case,  direct  the  telescope 
to  some  small,  well-defined,  and  distant  object,  and  bisect  it  with 
the  middle  vertical  wire.  Then  lift  the  telescope  very  carefully 
from  its  supports,  and  replace  it  with  the  axis  reversed.  Point 
the  telescope  again  to  the  same  object,  and  if  it  be  still  bisected, 
the  collimation  adjustment  is  correct ;  if  not,  move  the  wires 
one  half  the  error  by  turning  the  small  screws  which  hold  the 
diaphragm,  neax  the  eye  end  of  the  telescope.  But  as  half  the 
deviation  may  not  be  correctly  estimated  in  moving  the  wires, 
it  becomes  necessary  to  verify  the  adjustment  by  moving  the 
telescope  the  other  half,  which  is  done  by  turning  the  screw  F 
(see  figure,  page  40),  Having  again  bisected  the  object,  reverse 
the  axis  as  before,  and,  if  half  the  error  was  correctly  estimated, 
the  object  will  be  bisected  when  the  telescope  is  directed  to  it 
If  this  is  found  not  to  be  the  case,  h&df  the  remaining  error  must 
be  corrected  as  before,  and  these  operations  must  be  continued 
until  the  object  is  found  to  be  bisected  in  both  positions  of  the 
axis.     The  adjustment  will  then  be  complete. 

POSITION   IN    THE    MERmiAN. 

(62.)  This  adjustment  is  effected  with  the  assistance  of  a 
clock,  which,  for  convenience,  should  be  regulated  to  sidereal 
time,  so  that  the  time  of  each  star's  passing  the  meridian  will 
be  indicated  by  its  right  ascension. 

By  the  pole  star. 

(63.)  Direct  the  telescope  to  the  pole  star  at  the  instant  of 
its  crossing  the  meridian,  as  neax  as  the  time  can  be  ascertained. 
The  transit  will  then  be  nearly  in  the  plane  of  the  meridian. 
Having  leveled  the  axis,  turn  the  telescope  to  a  star  about  to 
cross  the  meridian,  near  the  zenith.  Since  every  vertical  circle 
intersects  the  meridian  at  the  zenith,  a  zenith  star  will  cross  the 
field  of  the  telescope  at  the  same  time,  whether  the  plane  of  the 
transit  coincide  with  the  meridian  or  not.  At  the  moment  the 
star  crosses  the  central  wire,  set  the  clock  to  its  right  ascension, 
as  given  by  the  catalogue,  and  the  clock  will  henceforth  indicate 
nearly  sidereal  time.     The  approximate  times  of  the  upper  and 
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•lower  culmination  of  the  pole  star  are  then  known.  Observe 
the  pole  star  at  one  of  its  culminations,  following  its  motion  un- 
til the  clock  indicates  its  right  ascension,  or  its  right  ascension 
plus  12  hours.  Move  the  whole  frame  of  the  transit,  so  that 
the  central  wire  shall  coincide  nearly  with  the  star,  and  com- 
plete the  adjustment  by  means  of  the  azimuth  screw.  The  cen* 
tral  wire  will  now  coincide  almost  precisely  with  the  meridian 
of  the  place. 

(64.)  The  axis  being  supposed  perfectly  horizontal,  if  the  mid- 
dle wire  of  the  telescope  is  exactly  in  the  meridian,  it  will  bi- 
sect the  circle  which  the  pole  star  describes,  in  24  sidereal  hours, 
round  the  polar  point  If,  then,  the  interval  between  the  upper 
and  lower  culminations  is  exactly  equal  to  the  interval  between 
the  lower  and  upper,  the  adjustment  is  complete.  But  if  the 
time  elapsed  while  the  star  is  traversing  the  eastern  semicircle 
is  greater  than  that  of  traversing  the  western,  the  plane  in 
which  the  telescope  moves  is  westward  of  the  true  meridian  on 
the  north  horizon ;  and  vice  versa,  if  the  western  interval  is 
greatest.  This  error  must  be  corrected  by  turning  the  screw  F 
(page  40).  The  adjustment  must  then  be  verified  by  further 
observations,  until,  by  continued  approximations,  the  instrument 
is  fixed  correctly  in  the  meridian. 

By  a  pair  of  circumpolar  stars. 

(65.)  Take  two  well-known  circumpolar  stars,  the  nearer  the 
pole  the  better,  differing  about  twelve  hours  in  right  ascension, 
and  observe  one  above  and  the  other  below  the  pole.  Now  it  is 
evident  that  any  deviation  of  the  instrument  from  the  meridian 
will  produce  contrary  effects  upon  the  observed  times  of  transit. 
Hence  the  time  which  elapses  between  the  two  observations 
wiU  differ  from  the  time  which  should  elapse  according  to  the 
catalogue,  by  the  sum  of  the  effects  of  the  deviation  upon  the 
two  stars.  The  stars  51  Gephei  and  6  UrssB  Minoris  are  well 
suited  to  this  purpose.  The  right  ascension  of  the  former  on  the 
1st  of  January,  1881,  was  6h.  44m.  55s. ;  of  the  latter,  18L  10m. 
ISs.  The  difference  between  the  times  at  which  one  should 
make  its  upper  and  the  other  its  lower  transit  is  84m.  428.  If 
the  observed  interval  differs  from  this,  the  error  must  be  cor- 
rected, by  the  azimuth  screw,  and  the  observations  repeated  un- 
til the  adjustment  is  perfect 
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By  the  pole  star,  combined  with  any  star  distant  from  the 
pole, 

(66.)  If  the  transit  moves  in  the  plane  of  the  meridian,  the 
error  of  the  clock,  as  determined  by  the  culmination  of  the  pole 
star,  will  be  exactly  the  same  as  from  any  other  star  sitaated, 
for  example,  near  the  equator.  But  if  the  transit  describes  a 
vertical  circle  which  differs  from  the  meridian,  the  pole  star  will 
be  longer  in  crossing  from  the  transit  plane  to  the  true  meridian 
than  the  equatorial  star.  If,  then,  the  two  stars  do  not  indicate 
the  same  clock  error,  the  azimuth  screw  must  be  moved  until 
the  adjustment  is  perfect. 

By  a  high  and  low  star. 

(67.)  This  method  may  be  practiced  in  situations  which  do 
not  permit  an  observation  of  the  pole  star.  Choose  two  stars 
differing  but  little  in  right  ascension,  one  of  them  passing  the 
meridian  as  near  as  possible  to  the  zenith,  and  the  other  as  near 
as  convenient  to  the  south  horizon.  Make  the  axis  of  the  transit 
perfectiy  horizontal,  so  that  the  transit  shall  describe  a  vertical 
cirde.  This  circle  will  coincide  with  the  meridian  at  the  ze- 
nith, however  much  it  may  depart  from  it  at  the  horizon.  A 
star  near  the  zenith  will  pass  the  middle  wire  of  the  telescope  at 
about  the  same  time  as  if  the  transit  was  in  the  meridian ;  but 
this  will  not  be  the  case  with  a  star  near  the  south  horizon.  If 
the  low  star  passes  the  central  wire  too  early,  the  plane  of  the 
instrument  deviates  to  the  east ;  if  it  passes  too  late,  the  plane 
deviates  to  the  west.  In  either  case  the  error  must  be  corrected 
by  the  azimuth  screw,  until  stars  at  all  altitudes  indicate  the 
same  error  of  the  clock. 

BffERmiAN    MARK. 

(68.)  When  the  transit  instrument  has  once  been  brought  to 
the  meridian,  a  mark  may  be  placed,  either  to  the  north  or  south, 
for  verification,  in  case  the  instrument  should  at  any  time  be 
disturbed.  Instead  of  placing  the  mark  at  a  great  distance,  it 
is  now  common  to  place  it  comparatively  near  to  the  instru- 
ment, and  in  the  focus  of  a  lens  which  renders  the  rays  from 
the  mark  parallel,  by  which  means  the  mark  can  be  viewed 
through  a  telescope  adjusted  to  its  solflr  focus  as  stated  on  page 
17.     At  Pulkova  the  lens  for  this  purpose  is  placed  on  a  pier 
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wittim  the  transit  room,  and  has  a  focal  length  of  556  feet, 
which  is  therefore  the  distance  of  the  mark  firom  the  pier.  A 
method  more  convenient  will  be  described  on  page  81. 

THE  CLOCK ^ITS  RATE  AND  ERROR. 

(69.)  A  clock  designed  to  be  used  for  astronomical  purposes 
should  be  of  the  best  workmanship.  The  pendulum  should  be 
compensated,  so  as  to  be  free  from  the  effects  of  heat  and  cold. 
The  two  forms  chiefly  used  for  astronomical  purposes  are  the 
mercurial  and  the  gridiron.  The  former  is  generally  used  in 
England,  the  latter  in  France  and  Grermany. 

It  is  most  convenient  to  have  the  clock  regulated  to  sidereal 
time,  and  it  is  desirable  that  it  should  keep  exact  pace  with  the 
stars,  so  as  always  to  indicate  the  exact  right  ascension  of  the 
star  then  passing  the  meridian.  But  every  clock  has  both  an 
error  and  rate.  The  error  of  the  clock  at  any  time  is  its  dif- 
ference from  true  sidereal  time.  The  rate  of  the  clock  is  the 
change  of  its  error  in  24  hours.  Thus,  on  the  8th  of  January, 
1851,  Aldebaran  was  observed  to  pass  the  meridian  of  Grreen- 
wich  at  4h.  26m.  52.02s.  The  true  right  ascension  of  the  star 
was  4h.  27m.  22.86s. ;  hence  the  clock  was  slow  30.84s.  Again, 
on  the  9th  of  January,  the  same  star  passed  the  meridian  at  4h. 
26m.  51.22s.,  and  the  clock  was  slow  31.64s.  Hence  the  dock 
lost  0.80s.  per  day.  In  other  words,  the  error  of  the  clock,  Jan- 
uary  9th,  was  —31.64s.,  and  its  daily  rate  —0.80s. 

(70.)  The  preceding  error  and  rate  do  not  necessarily  imply 
any  imperfection  of  the  clock.  The  error  and  rate  of  a  perfect 
clock  may  be  of  any  magnitude.  AH  which  we  demand  of  a 
v'^lock  is  that  its  rate  be  uniform  from  day  to  day.  Still,  it  is 
convenient  in  practice  that  both  should  be  of  small  amount. 
The  rate  of  the  clock  may  be  corrected  by  lowering  the  bob  of 
the  pendulum,  if  the  clock  runs  too  fast,  or  raising  it  when  the 
clock  runs  too  slow.  For  this  purpose,  the  bob  of  the  pendulum 
is  furnished  with  a  fine  adjusting  screw.  The  clock  may  be 
made  to  indicate  true  sidereal  time  by  setting  it  to  the  right 
ascension  of  any  known  star,  and  starting  the  pendulum  at  the 
moment  when  the  star  crosses  the  middle  transit  wire.  After 
the  rate  has  been  reduced  to  a  small  quantity,  it  is  better  to  let 
&e  error  accumulate  than  to  stop  the  clock.    When  the  error 
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amounts  to  a  whole  minute,  the  minute-hand  may  be  moved 
one  division  without  disturbing  the  motion  of  the  pendulum. 
The  transit  clock  at  Greenwich  Observatory  generally  loses 
about  half  a  second  a  day,  and  when  this  error  amounts  to  an 
entire  minute  (which  happens  about  every  three  months),  the 
clock  is  put  forward  one  minute. 


METHOD   OF    OBSERVING    AND    REGISTERING    TRANSITS. 

(71.)  For  a  night  observation,  the  field  of  view  must  be  illu- 
mined by  the  lamp  M  (see  figure,  page  40),  so  that  the  wires 
may  be  distinctly  visible ;  and  the  telescope  must  be  set  to  the 
proper  altitude  by  means  of  the  attached  circle.  This  circle  is 
sometimes  designed  to  indicate  altitudes  or  zenith  distances, 
and  sometimes  declinations  or  polar  distances.  In  either  case, 
the  zero  of  the  circle  may  require  adjustment.  If  the  circle  in- 
dicates altitudes,  the  index  should  point  to  zero  when  the  bub- 
ble of  the  attached  level  stands  in  the  middle  of  the  tube.  If 
the  circle  indicates  declinations,  the  index  should  point  to  zero 
when  the  telescope  is  directed  toward  an  equatorial  star.  Since 
the  telescope  inverts  the  position  of  objects,  a  star  for  an  upper 
culmination  will  appear  to  enter  the  field  of  view  on  the  west 
side,  and  pass  out  on  the  east ;  but  for  a  lower  culmination,  it 

will  cross  the  field  firom  east  to 
west.  The  telescope  contains  five 
or  seven  vertical,  and  two  horizon- 
tal wires,  placed  a  short  distance 
from  each  other.  The  st&ur  should 
be  made  to  cross  the  field  between 
the  two  horizontal  wires,  in  ordei 
that  the  transits  may  always  be 
observed  on  the  same  part  of  the 
vertical  wires.  It  is  the  business 
of  the  observer  to.  note  the  times 
of  the  star's  passage  over  the  several  wires  with  the  utmost  ac- 
curacy ;  and  as  it  will  seldom  happen  that  a  star  will  cross  a 
wire  at  the  exact  instant  of  the  beat  of  the  clock,  he  must  esti- 
mate the  fractions  of  a  second  as  well  as  he  is  able..  This  is 
done  by  comparing  the  distance  of  the  star  from  the  wire  at  the 
beat  preceding  the  transit,  with  its  distance  on  the  other  side  at 


The   Transit  Instrument.  53 

the  beat  succeeding  the  transit.  The  clock  should  be  so  placed, 
and  its  face  illumined,  that  the  observer,  seated  at  the  transit, 
can  readily  Mow  the  seconds'  hand.*  A  little  before  the  star 
is  expected  to  cross  the  first  wire,  the  observer  takes  a  second 
fixHn  the  clock — suppose  5s. — and,  listening  to  the  beats,  goes 
on  silently  counting  6,  7,  8,  9,  etc.,  while  his  eye  is  at  the  tel- 
escope following  the  motion  of  the  star.  If  the  star  crossed  the 
first  wire  between  the  beats  9  and  10,  and  if  the  star  appeared 
as  far  beyond  the  wire  at  the  succeeding  beat  as  it  was  short  of 
it  at  the  preceding  beat,  the  time  of  the  transit  would  be  9.5s. ; 
but  if  the  distances  were  unequal,  it  would  be  9.3s.  or  9.7s.,  etc., 
according  to  its  apparent  distance  from  the  wire.  Having  re- 
corded the  passage  over  the  first  wire,  the  same  observation 
must  be  made  at  each  of  the  other  wires,  and  a  mean  of  the 
whole  taken,  which  will  represent  the  time  of  the  star's  passage 
over  the  mean  or  meridional  wire.  Five  or  seven  wires  are  more 
valuable  than  a  single  one,  since  the  chances  are  that  an  error 
which  may  have  been  committed  at  one  wire  will  be  compen- 
sated  by  an  opposite  error  at  another.  Thus  the  mean  result  of 
several  observations  is  deserving  of  more  confidence  than  a  sin- 
gle one.  The  following  is  an  observation  of  Arcturus,  made  at 
Greenvrioh  Observatory,  November  13th,  1850 : 

First  vnre,  14h.  7m.    7.7s. 

Second  wire,  7  21.3 

Third  wire,  7  34.9 

Fourth  wire,  7  48.6    V  Mean,  14h.  7m.  48.53s. 

Fifth  wire,  8        2.1 

Sixth  vrire,  8  15.7 

SevenUi  wire,  8  29.4 

It  will  be  perceived  that  the  observation  at  the  middle  wire 
differs  0.07s.  from  the  mean  of  the  seven  wires.  If  the  obser- 
vations were  perfect,  and  the  wires  equidistant,  these  two  num- 
bers should  agree  exactly. 

EQUATORIAL    INTERVAL    OF    THE    ^VIRES. 

(72.)  By  comparing  the  transits  of  different  stars,  it  will  be 
seen  that  the  time  occupied  by  a  star  in  traversing  the  interval 
bfstweeu  the  wires  is  different  on  different  points  of  the  merid- 
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ian ;  being  least  at  the  equator,  and  increasing  with  the  distance 
from  that  circle.  The  time  occupied  by  a  star  on  the  equator, 
in  passing  between  any  two  of  the  wires,  is  called  their  equcUo- 
rial  interval ;  and  when  this  interval  is  known,  the  interval  for 
any  parallel  of  declination  may  be  computed. 
Thus,  let  P  be  the  pole  of  the  heavens,  EQ  a 
portion  of  the  equator,  and  BD  a  portion  of  aSy 
parallel  of  declination;  PBE  and  PDQ,  two 
meridians,  but  sUghtly  inclined  to  each  other. 
A  star  at  B  moves  over  the  arc  BD  in  the  same 
time  that  one  at  E  moves  over  EQ,.  But  we 
have 

Geom.,  B.  VI.,  Prop.  13,  Cor.  1, 

arc  EQ  :  arc  BD  : :  CQ, :  AD  : :  1 :  cos.  Dec 
Therefore,  BD = E Q  cos.  Dec. 

Now  the  time  in  which  a  star  on  the  parallel  BD  would  move 
over  a  constant  space,  EQ,,  must  be,  to  the  time  in  which  an 
equatorial  star  moves  over  the  same,  inversely  as  their  rates  of 
motion,  or  as 

EQ, :  BD  : :  1 :  cos.  Dec. : :  sec.  Dec. :  1. 
(73.)  If,  then,  x  represent  the  equatorial  interval  of  the  wires, 
X  sec.  Dec.  will  be  the  interval  for  any  star.  The  equatorial  in- 
terval  may  therefore  be  computed  from  observations  made  upon 
any  star  whose  declination  is  known,  by  multiplying  the  ob- 
served interval  by  the  cosine  of  the  star's  declination.  Thus,  in 
the  preceding  observation  of  Arcturus,  the  difference  between 
each  observation  and  the  mean  of  the  seven  wires  is  as  follows  : 

Observed  intervalB.  Equatorial  intervals. 

First  wire,  40.83s.  38.376s. 

Second  wire,       27.23  25.594 

Third  wire,  13.63  12.811 

Fourth  wire,  0.07  0.066 

Fifth  wire,  13.57  12.755 

Sixth  wire,  27.17  25.537 

Seventh  wire,      40.87  38.414 

And  if  we  multiply  these  numbers  by  .939908,  the  cosine  of 

the  star's  declination  (19^  57'  50"),  we  shall  obtain  the  equato' 

rial  intervals,  as  given  in  the  last  column  above. 

(74.)  The  equatorial  interval  may,  however,  be  obtained  more 
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acourately  by  observations  of  a  star  near  the  pole-— the  pole  star, 
for  example ;  but  in  this  ease  a  slight  modification  of  the  pre- 
ceding rule  becomes  necessary,  for  the  pole  star  does  not  pass 
perpendicularly  from  wire  to  wire,  but  describes  a  considerable 
arc  of  the  small  circle  ABC. 
Now  AD  is  the  sine  of  the 
arc  AB.  In  order,  there- 
fore, to  obtain  the  equate-  -^-^ 
rial  intervals  from  the  pole 
star,  we  must  multiply  the 
sine  of  the  observed  interval  by  the  cosine  of  the  declination, 
and  we  shall  obtain  the  sine  of  the  equatorial  interval 

The  following  observations  of  Polaris,  Dec.  88°  30"  27".0, 
were  made  at  Greenwich  Observatory,  April  26th,  1850 : 


WilM. 

Obaarratioiu. 

Obwnred  Intervals. 

Equatorial  Intcrral*. 

A 

B 

C 

D 

E 

F 

G 

k.     m.        «. 

0  89  48.0 
48    3.0 
56  19.0 

1  4  32.0 
12  44.0 
20  57.0 
29  16.0 

-24  4359 
-16  28.29 
-  8  12J29 
+  0    0.71 
+  8  12.71 
+  16  25.71 
+24  44.71 

-38.559 
-25.719 
-12.820 
+  0.018 
+  12.830 
+25.652 
+38.595 

Mean  .... 

1     4  31.29 

The  letters  in  cc4umn  first  are  used  to  distinguish  the  wires 
of  the  transit  The  wires  at  Greenwich  are  designated  by  the 
letters  of  the  alphabet  in  such  a  manner  that,  when  the  illu- 
mined end  of  the  axis  is  east,  the  order  of  the  wires  for  stars 
above  the  pole  is  A,  B,  G,  D,  E,  F,  Q- ;  but  when  the  illumined 
end  of  the  axis  is  west,  the  order  is  Gr,  F,  E,  D,  G,  B,  A. 
Column  third  shows  the  difference  between  each  observation 
and  the  mean  of  the  seven  wires.  Golumn  fourth  shows  the 
equatorial  interval  thence  deduced.  The  fourth  column  is  com- 
puted as  follows : 

24m.  43.29s.  =  6°  10'  49".35  sine =9.0320497; 
COS.  Dec.  88°  30^  27".0  =8.4157426; 

38.559s.=         9'  38."39  sine =7.4477923 ; 
and  in  the  same  manner  for  the  other  wires. 

It  will  be  perceived  that  the  middle  wire  differs  slightly  from 
the  mean  of  the  seven  wires,  which  may  be  called  the  mean 
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taire.    It  is  customary,  at  Greenwich,  to  reduce  all  observations 
to  the  standard  of  the  mean  wire,  and  not  of  the  middle  wire. 

To  reduce  an  observation  when  all  the  wires  are  not  ob- 
served, 

(75.)  It  may  happen,  through  inadvertence  or  unfavorable 
weather,  that  the  transits  over  only  a  portion  of  the  wires  are 
observed ;  but  such  observations  may  be  reduced  by  means  of 
the  equatorial  intervals  already  determined.  According  to  the 
values  given  above,  if  we  add  38.559s.  to  the  time  of  transit  of 
an  equatorial  star  over  wire  A,  it  will  give  the  time  of  transit 
over  the  mean  wire ;  and,  in  the  same  manner,  the  observation 
of  an  equatorial  star  at  each  wire  may  be  reduced  to  the  mean, 
by  adding  or  subtracting,  as  the  case  may  be,  to  the  time  of 
observation,  the  equatorial  interval  between  that  wire  and  the 
mean  wire.  For  a  star  out  of  the  equator,  these  intervals  must 
each  be  multiplied  by  the  secant  of  the  star's  declination.  Or 
the  following  rule  is  more  convenient  in  practice,  and  evidently 
gives  the  same  result : 

Add  together  the  equatorial  numbers  from  the  table  on  page 
55  for  the  wires  observed,  regard  being  had  to  their  signs; 
divide  by  the  number  of  wires,  and  multiply  by  the  secant  of 
the  starts  declination.  The  product  will  be  the  correction  to 
be  applied  to  the  mean  of  the  wires  observed. 

The  corrections  to  transits  of  an  equatorial  star  over  wires  A, 
B,  C,  D,  E,  F,  G,  for  1851,  at  Greenwich,  were  +  41.443s.; 
+27.646S.;  +13.816s.;  -0.002s.;  -13.811s.;  -27.654s.; 
—41.438s. ;  and  these  are  the  intervals  to  be  used  in  reducing 
the  subsequent  observations. 

Ex.  1.  The  following  observations  of  Capella  were  made  at 
Greenwich,  January  27th,  1851 : 

A 5h.  4m.     — 

B 20.2s. 

C 40.2 

D 59.8 

E 5      19.7 

F 39.5 

G 59.4 

Mean  of  wires  observed,  5h.  5m.    9.8s. 
The  sura  of  the  equatorial  numbers  for  wires  B,  C,  D,  E,  F, 


The   Transit  Instrument.  57 

Q-  is  —41.443s.,  which,  divided  by  6,  gives  —6.907s.,  and,  multi- 
plied by  the  secant  of  the  declination,  45°  50'  26",  gives  —  9.91s. ; 
which,  being  applied  to  the  above  mean,  gives  5h.  4m.  59.89a 
as  the  time  of  transit  over  the  mean  of  the  seven  wires. 

Ex.  2.  The  following  observations  of  Sirius  were  made  at 
Greenwich,  February  13th,  1851 : 

A 6h.  37m.     — 

B 

C —  1 

D 43.7s.  ; 

E 58.2 

F 38      12.6 

G 26.9 

Mean  of  wires  observed,  6h.  38m.  5.35s. 
The  sum  of  the  equatorial  numbers  for  wires  D,  E,  F,  G  i& 
—82.905s.,  which,  divided  by  4,  gives  —20.726s.,  and,  multi- 
plied by  the  secant  of  the  star's  declination,  16°  31^  12^^,  gives 
.—21.62s. ;  which,  applied  to  the  above  mean,  gives  for  the  time 
of  transit  over  the  mean  wire,  6h.  37m.  43.73s. 

Ex.  3.  The  following  observations  of  Spica,  Dec.  10°  22^  56%. 
were  made  at  Greenwich,  February  21st,  1851 : 

A 13h.  15m.    — 

B — 

C 16       9.1s. 

D 23.1 

E 37.0 

F 51.1 

G 17       5.0 

Required  the  time  of  transit  over  the  mean  wire. 

Am.  13h.  16m.  23.01s. 
(76.)  In  the  case  of  a  star  near  the  pole,  we  must  multiply 
the  sine  of  the  equatorial  interval  by  the  secant  of  the  star's  dec- 
lination, and  we  shall  obtcdn  the  sine  of  the  reduction  to  the 
mean  wire  according  to  Art.  74. 

Example.  The  following  observations  of  Polaris,  at  its  upper 
oohnination,  were  made  at  Greenwich,  May  30th,  1851 : 

A Oh.  38m.    — 

B 47        — 

C 56        7.0s. 
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D Ih.    4m.  69.08. 

E 13      53.0 

F 22      47.0 

Gr 31      40.0 

To  determine  the  time  of  transit  over  the  mean  of  the  seven 
wires,  the  decimation  of  Polaris  being  88°  SO'  38".4. 
The  reduction  for  each  wire  is  computed  as  follows : 

wire  C.  Wire  D. 

sine  13.816s. =7.0020484  log.  0.002.8=7.301 

sec.  Dec.  =  1.5851796  sec.  Dec.  =  1.585 

sine  8ra.  61.70s. = 8.5872280  log.  0.08s. = 8.886 

Wlie  E.  Wire  P. 

sine  13.811s. =7.0018912  sine  27.654s. =7.3034239 

sec.  Dec.  =  1.5851796  sec.  Dec.  =  1.5851796 

sine  8m.  51.51s. =8.5870708     sine  17m.  45.05s. =8.8886035 

WireG. 

sme41.438s.=7.4790643 

sec.  Dec.  =  1.5851796 

sine  26m.  37.92s. =9.0642439 

The  sum  of  these  corrections  is  —44m.  22.86s.,  which,  divided 
by  5,  gives  —8m.  52.57s.,  which  is  the  correction  to  be  applied 
to  the  mean  of  the  wires  observed  to  obtain  the  mean  of  the  sev- 
en wires.  The  mean  of  the  wires  observed  is  Ih.  13m.  53.2s. 
Hence  the  concluded  transit  over  the  mean  of  the  seven  wires 
is  Ih.  5m.  0.63s.  As  the  time  required  for  the  pole  star  to  pass 
from  one  wire  to  another  is  nearly  the  same  for  every  day  of  the 
year,  and  only  varies  in  consequence  of  a  small  change  in  the 
star's  declination,  it  is  customary,  in  regukr  observatories,  to 
compute  the  intervals  for  an  assumed  value  of  the  declination, 
and  the  variation  caused  by  a  change  of  one  second  in  the  dec- 
lination.    All  the  reductions  are  then  made  with  great  facility. 

(77.)  In  observing  the  sun,  the  times  of  passage  of  both  the 
first  and  second  limbs  over  the  wires  are  observed  and  set  down 
as  distinct  observations,  the  mean  of  which  gives  the  time  of 
passage 'bf  the  centre  across  the  meridian.  The  wires  of  the  in- 
strument are  generally  placed  by  the  maker  at  such  a  distance 
from  each  other  that  the  first  limb  of  the  sun  shall  have  passed 
all  of  them  before  the  second  limb  arrives  at  the  first  wire. 

If  only  one  limb  is  observed,  the  passage  of  the  centre  may 
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be  inferred  by  adding  or  subtracting  the  sidereal  time  of  semi- 
diameter  passing  the  meridian,  as  given  on  page  first  of  each 
month  in  the  Nautical  Almanac. 

Only  one  limb  of  the  moon  can  be  observed,  except  when  her 
transit  happens  to  be  within  an  hour  or  two  of  her  opposition ; 
and,  in  observing  the  larger  planets,  the  first  and  second  Umbs 
may  be  observed  alternately  over  the  seven  wires.  If  only  one 
limb  of  a  planet  is  observed,  the  ephemeris  must  be  consulted 
for  the  time  of  passage  of  its  semidiameter. 

(78.)  In  correcting  imperfect  transits  of  the  sun  and  planets, 
the  value  of  the  intervals  found,  as  for  a  star  of  the  same  decli- 
nation, must  be  increased  by  a  small  quantity.  For  if  a  fixed 
star  and  the  sun's  first  limb  were  together  at  the  first  wire,  the 
sun  would  be  behind  the  star  when  it  passed  the  second  wire, 
on  account  of  the  sun's  apparent  motion  among  the  stars.  For 
the  sun  or  a  planet,  therefore,  the  interval  found  for  a  star  must 
be  multiplied  by  the  factor 

3600+1 
3600   ' 
where  I  represents  the  hourly  increase  of  right  ascension  in 
seconds  of  time  taken  from  the  Nautical  Almanac. 

Example.  The  following  observations  of  the  sun's  second 
limb  were  made  at  Greenwich,  February  22d,  1851 : 

A 22h.  20m.    — 

B — 

C 54.5s. 

D 21        8.8 

E 22.9 

F 36.8 

G 51.0 

Mean  of  wires  observed,  22h.  21m.  22.8s. 
The  sum  of  the  equatorial  numbers  for  wires  C,  D,  E,  F,  G 
is  —69.089s.,  which,  divided  by  5,  gives  —13.82s.,  and,  multi- 
plied by  the  secant  of  the  sun's  decUnation,  10°  17^  41^^,  gives 
—  14.04s.,  which  is  the  correction  for  a  star  of  the  same  decli- 
nation. The  sun's  hourly  increase  of  right  ascension,  Febru- 
ary 22d,  according  to  the  Nautical  Almanac,  was  9.52s.    Hence 

3600  :  3609.52  : :  14.04 :  14.08, 
which  is  the  correction  to  the  mean  of  the  wires  observed. 
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Henoe  the  concluded  transit  over  the  mean  of  the  seven 

wires  is 

22h.  21m.  8.72s. 

In  order  to  facilitate  these  reductions,  it  is  convenient  to  have 

3600+1 
a  table  showing  the  logarithm  of  the  factor     q^qq    for  every 

value  of  I  from  Is.  up  to  30s. 

(79.)  The  reduction  of  an  imperfect  transit  of  the  moon's 
limb  requires  a  peculiar  method,  on  account  of  the  moon's  prox- 
imity  to  the  earth. 

Let  C  represent  the  centre  of  the 
earth,  A  any  place  on  the  earth's  sur- 
face, and  M  the  centre  of  the  moon ; 
then,  since  the  angular  value  of  any 
small  line  at  different  distances  is  in- 
versely as  those  distances,  the  angular 
value  of  the  moon's  hourly  motion  in 
its  orbit  from  a  place,  A,  is  to  the  an- 
gular value  of  the  same  from  C  as  CM 
to  AM.  But  CM  is  to  AM  as  the  sine 
of  CAM,  or  sine  of  ZAM,  is  to  the  sine 
of  ZCM ;  that  is,  as  the  sine  of  the  apparent  zenith  distance  of 
the  moon  is  to  the  sine  of  the  geocentric  zenith  distance.  In 
order,  therefore,  to  reduce  an  observation  at  any  wire  to  the 
mean  of  the  wires,  the  interval  found  for  the  sun  or  a  planet 
must  be  multipUed  by  the  factor, 

sine  of  moon's  geocentric  Z .  D  ^ 
sine  of  moon's  apparent  Z .  D  ' 
or  the  entire  factor  for  the  moon  will  be 

3600 + 1  ^  sine  of  moon's  geocentric  Z .  D 

•  oa(\f\    ^  T' f j X  f7  TV  X  secant  of  moon's  se- 

3600         sme  of  moon's  apparent  Z .  D  ° 

ocentric  declination, 

where  I  is  the  hourly  increase  of  the  moon's  right  ascension  in 

seconds  of  time. 

Example,  The  following  observations  of  the  moon's  second 

Umb  were  made  at  Greenwich,  February  21st,  1851 : 
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A 16h.,  34ni.       — 

B — 

C 35  9.5s. 

D 24.0 

B 38.7 

F 53.2 

G 36  8.0 

Mean  of  wires  observed,  15h.,  35m.9  38.68s. 
The  sum  of  the  equatorial  numbers  for  the  wires  observed, 
divided  by  6,  gives  -13.8178s. 

The  moon's  declination  =  14°  13'  12^'  S. 

Moon's  geocentrio  zenith  distanoe=65   41  50 
Moon's  apparent^  zenith  distance    =66   34  10 
Moon's  hourly  increase  of  R.  A.    =  135.24s. 
The  correction  to  the  mean  of  the  wires  observed  is  then  com- 
puted as  follows : 

13.8178s.  =  1.14044 
3600+I=3735.24s.=3.57232 
3600  oorap.= 6.44370 
sin.  65^41' 50" =9.95970 
cosec.  66   34  10   =0.03737 
sec.  14   13  12  =0.01351 
14.69s.=1.16704 
Subtracting  14.69s.  from  the  mean  of  the  wires  observed,  we 
obtain  the  time  of  transit  over  the  mean  of  the  seven  wires, 
15h.  35m.  23.99s. 
(80.)  We  have  hitherto  supposed  the  transit  instrument  to 
be  perfectly  adjusted — ^that  there  is  no  error  of  collimation — 
that  the  axis  is  perfectly  horizontal— and  that  the  middle  wire 
of  the  transit  describes  the  plane  of  the  meridian.     In  practiccy 
these  adjustments  can  never  be  perfectly  made ;  but  we  make 
the  adjustments  as  complete  as  we  are  able.     We  then  com- 
pute the  amount  of  each  error,  and  apply  a  correction  to  the  ob- 
servations. 

Problem. 

To  determine  the  inclination  of  the  axis  of  the  transit. 
The  spirit-level  which  rests  on  the  pivots  of  the  axis  determ- 
ines the  inclination  of  the  axis.     Above  the  glass  tube,  and  par-: 
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allel  to  its  length,  is  placed  a  fine  graduated  scale,  which  indi- 
cates any  deviation  from  horizontality  by  the  air-bubble  reced- 
ing from  the  centre  toward  that  pivot  which  is  the  highest ;  but 
as  the  legs  of  the  level  may  not  be  of  exactly  equal  length,  it  is 
necessary  to  reverse  the  level  on  the  axis,  and  read  the  scale  at 
each  extremity  of  the  air-bubble  in  both  its  positions ;  that  is, 
with  the  same  end  of  the  level  on  both  the  east  and  west  pivots 
alternately.  Half  the  difference  of  the  means  of  the  two  read- 
ings will  be  the  amount  of  deviation.  It  is  customary  to  make 
several  observations  in  each  position  of  the  level,  in  order  to  di- 
minish the  effect  of  incidental  errors.  The  following  example 
will  illustrate  this  method : 


Readings  of  the  Scale. 

Eaatend. 

Wart  end. 

32.3 

30.0 

32.4 

30.0 

82.4 

Lorei  rerened 

30.0 

32.6 

29.6 

32.6 

29.5 

32.5 

29.6 

194.8 

sums 

178.7 

32.47 

means 

29.78 

Difference, 

2.69. 

Half  the  difference  is  1.34 ;  and,  since  the  value  of  one  divis- 
ion of  the  level  is  1^\25,  the  east  end  of  flie  axis  is  too  high  by 
1^^.67,  for  the  mean  of  the  eastern  readings  is  greater  than  the 
mean  of  the  western.  This  quantity,  divided  by  15,  VTill  give 
the  inclination  expressed  in  seconds  of  time. 

(81.)  Having  determined  the  inclination  of  the  axis,  the  cor- 
rection to  be  applied  to  the  time  of  observation  of  any  star  may 
be  computed  by  the  following  method : 

Problem. 

To  compute  the  correction  to  the  time  of  transit  for  inclina- 
tion of  the  axis. 

Let  P  represent  the  pole  of  the  earth,  Z  the  zenith,  N  and  S  the 
north  and  south  points  of  the  horizon.     Suppose  the  transit  tel- 
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esoope  is  in  the  meridian,  at  the 
north  and  south  points  of  the 
horizon,  N  and  S,  but  the  axis 
is  inoUned  to  the  horizon  by  a 
small  angle ;  the  telescope,  in- 
stead of  describing  the  merid-  ^/ 
ian,  NZS,  will  describe  an  ob- 
lique circle,  NAS ;  and  the  star, 
A,  when  it  passes  through  the 
telescope,  will  be  distant  from 
the  meridian  by  the  angle  APS. 
Now,  in  the  triangle,  APS,  we 
have  sin.  PA :  sin.  S : :  sin.  SA :  sin.  P ; 

or,  putting  b  to  represent  the  angle  S,  and  Z  the  zenith  di». 
tance  of  the  star  {b  being  supposed  to  be  a  small  angle), 

Ti  t  rr      -r.  ft  COS.  Z 

COS.  Dec. :  6  : :  COS.  Z  :  P= ^^ — , 

COS.  Dec. 

which  must  be  subtracted  from  the  observed  time  of  passage  to 

have  the  true  time,  when  the  telescope  is  inclined  to  the  west 

When  the  eastern  pivot  is  too  high,  the  level  error  is  considered 

negative ;  when  the  western  pivot  is  too  high,  the  level  error  is 

positive. 

(82.)   The  expression  for  the  zenith  distance  of  a  star,  in 

tenns  of  its  declination  and  of  the  latitude  of  the  place,  will 

vary  according  as  the  observations  are  made  to  the  south  of  the 

zenith  or  to  the  north  of  the  zenith ;  and,  in  the  latter  case. 

according  as  the  observations  are  made  above  or  below  the  pole. 

These  several  values  will  be  as  follow,  representing  the  latitude 

by  ^,  and  the  declination  by  6  (see  page  139) : 

Z=0— d    -    -    if  the  observations  be  made  to  the  south; 
Z=d— 0    -    -    if  to  the  north,  above  the  pole ; 
Z=180°-(^+d)  if  to  the  north,  below  the  pole. 

Example.  Castor  was  observed  to  pass  the  meridian  of  Green- 
wich, February  22d,  1851,  at  7h.  24m.  6.62s.,  its  declination 
being  32°  12^  32^^  N.,  and  the  error  of  level  -3^^92 ;  required 
the  corrected  time  of  transit; 

The  latitude  of  Greenwich  is  51°  28'  39^';  therefore  Z  =  19° 
16^  r\ 
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i= -3^^92=05618.  log.=9.4166 

008.  Z= 9.9749 

sec.  Deo. =00726 

-0.298.=9.4641 

Therefore,  the  time  of  transit,  oorreoted  for  error  of  level,  is 

7L  24m.  6.23s. 

Problem. 

(83.)  To  determine  the  error  of  collimation. 

This  error  may  be  determined  by  a  miorometer  attaohed  to 
the  eye  end  of  the  telescope,  by  which,  when  the  telescope  is 
directed  toward  any  distant  object,  the  angalar  distance  of  that 
object  from  the  central  wire  is  measured.  The  instrument  is 
then  reversed,  and  the  distance  of  the  same  object  from  the  cen- 
tral  wire  again  measured.  Half  the  difference  of  these  meas- 
ures is  the  error  of  collimation  for  the  middle  wire. 

(84.)  At  many  observatories  the  error  of  collimation  is  determ- 
ined, not  by  observations  of  a  distant  mark,  but  by  means  of  a 
small  transit  instrument,  mounted  at  a  short  distance  from  the 
large  transit,  and  in  the  same  meridian,  and  having  in  its  focus 
a  cross  in  the  form  of  an  acute  X.  A  reflector  is  attaohed,  for 
ihe  purpose  of  throwing  the  light  of  the  sky  upon  the  wires,  and, 
when  the  telescopes  are  pointed  toward  each  other,  the  cross  in 
the  small  transit  is  distinctly  seen  by  looking  through  the  large 
telescope.  The  following  are  the  results  of  a  set  of  observations 
at  Greenwich :  When  the  illuminated  end  of  the  axis  was  east, 
and  the  micrometer  was  made  to  coincide  with  the  cross,  the 
reading  was  10.888r. ;  when  the  axis  was  reversed,  the  reading 
was  9.461r. ;  hence  the  reading  of  the  miorometer  for  the  true 
line  of  collimation  was  10.174r.  When  the  micrometer  was 
made  to  coincide  with  the  middle  wire,  ihe  reading  was  10.191r. ; 
hence  the  error  of  coDimation  for  the  middle  wire  was  0.017 
revolutions  of  the  screw,  which  is  equal  to  0'^28  in  seconds  of 
arc.  Correcting  this  for  the  distance  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  of  collimation 
for  the  mean  of  the  seven  wires. 

(85.)  This  error  may  also  be  determined  by  observing  the 
transit  of  Pdaris,  or  any  other  close  circumpolar  star,  over  the 
first  three  wires ;  and  then,  reversing  the  axis,  observing  the 
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same  intervals  in  a  reversed  order.  The  -wires  virhich  were  the 
first  three  in  the  former  position,  vrill  now  be  the  last  three. 
Let  each  of  the  observations  be  reduced  to  the  mean  wire,  ac- 
cording to  Art.  76 ;  then,  if  there  were  no  error  of  collimation, 
the  mean  of  the  observations  in  the  first  position  of  the  tele« 
scope  ought  to  be  the  same  as  the  mean  in  the  reversed  posi- 
tion. But  if  the  two  results  differ  from  each  other,  it  must  be 
owing  to  error  of  collimation. 

(86.)  Suppose  the  telescope  does  not  move  ia  the  meridian, 
NS,  but  in  a  small  circle,  AB,  par- 
allel to  the  meridian,  and  every 
where  a  certain  number  of  seconds 
(c)  east  of  it.  Let  P  be  the  pole, 
and  C  the  place  of  the  star.  Draw 
CD  perpendicular  to  NS.  Then, 
when  the  star  passes  the  telescope, 
its  angular  distance  from  the  me- 
ridian will  be  GPD.  Now,  in  the 
triangle  GPD,  we  have 

Trig.,  Art  211, 

R.  sin.  CD = sin.  PC  sin. 

Whence  CPS=-r-^57== ^ —  ...  (1) 

sm.  PC     COS.  Dec.  ^  ' 

and  c=CPS  cos.  Dec. (2> 

The  following  example  will  show  the  application  of  this  meth- 
od.  At  Edinburgh  Observatory  the  transit  of  Polaris  was  ob- 
served over  two.  wires ;  the  instrument  was  then  reversed,  and 
the  transit  observed  over  the  same  wires,  as  follows : 


CPS. 


Time,  obnrred. 

Reduction. 

Times  reduoed. 

Wire  I.  ...  0  44  33.5 
Wire  II.    .  .  0  52  46.0 

Wire  II.   .  .  1    8  56.0 
Wire  I.  ...  1  17    8.6 

+  16  23!'59 
+  8  12.28 

-  8  12.28 
-16  23.59 

10  57.09).   gg^ 
1  0  58.28  1  ^^•'^ 

1  0  43.72)^,. 
1  0  44.91  1 '^•31«- 

Column  second  shows  the  computed  reduction  to  the  mean 
wire,  according  to  Art.  76.  Column  third  shows  the  times  of 
transit  reduoed  to  the  mean  wire.  The  difference  between  the 
mean  of  the  first  two  observations  and  the  last  two  is  13.37s. ; 

E 
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half  of  which,  bemg  6.685s.,  represents  the  angle  CPS,  which, 
multiplied  by  the  cosine  of  the  star's  deoHnation,  gives  the  error 
of  collimation,  0.181s.,  expressed  in  seconds  of  time,  which  is 
minus  for  the  first  position  of  the  instrument,  and  plus  for  the 
second  position. 

(87.)  There  is  another  method  of  determining  the  error  of 
collimation,  which  is  exceedingly  convenient  and  accurate.  It 
consists  in  pointing  the  telescope  vertically  downward  toward  a 
vessel  of  mercury,  and  observing  the  spider  lines  of  the  telescope 

as  reflected  from  the  surface  of  the 
mercury,  a  strong  illumination  be- 
ing thrown  upon  the  system  of  wires 
by  a  lateral  lamp.  The  rays  di- 
verging from  the  wires  at  A  issue 
in  parallel  lines  from  the  object- 
glass,  fall  upon  the  mercury,  M, 
^^  ~~^ — u— I       and  are  thence  feflected  back  in 

^^■^""^     I —     ^  ^     parallel  lines  to  the   object-glass^ 
^1  IM     which  is  enabled  to  collect  them 

j^l  1 1 1 1  in     i^iii  ill  its  focus.    Thus  is  formed 

^1  I    ^  reflected  image  of  the  system  of 

^H  t  :>  \    spider  lines ;  and  if  the  axis  is  per- 

J^H  I  fectly  horizontal,  and  there  is  no 

J|H       ^MMH^        I        I  error  of  collimation,  the  reflected 

***■"        ^ ^        ' ^  system  ought  to  coincide  exactly 

with  the  real  system,  as  seen  in  the  eye-piece  of  the  instrument. 
If,  however,  when  the  axis  has  been  leveled,  the  two  systems  of 
lines  do  not  coincide,  the  diiference  is  twice  the  error  of  collima- 
tion, and  may  be  measured  by  the  micrometer. 

(88.)  The  preceding  observation  requires  a  peculiar  eye-piece, 

called  the  coUimating 
eye -piece,  first  sug- 
gested by  Bohnenber- 
gerinl825.  The  col- 
limating  eye-piece  con- 
sists of  an  ordinary 
positive  eye-piece,with 
an  aperture,  A,  cut  in 
its  side,  and  a  plane 
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perforated  speculum,  BB,  inserted  between  the  two  lenses,  at 
an  angle  of  45^  with  the  optical  axis  of  the  telescope,  as  repre- 
sented in  the  preceding  figure.  A  lamp  being  held  so  as  to 
throw  a  strong  light  upon  the  speculum,  the  reflected  images 
of  the  wires  may^  be  seen  with  great  distinctness.  Instead  of  a 
perforated  opaque  speculum,  a  piece  of  plane  glass,  with  parallel 
faces,  without  any  perforation,  is  sometimes  used.  The  observer 
looks  through  the  plane  glass  without  difficulty,  while  sufficient 
light  is  reflected  from  the  lower  surface  to  render  the  lines  visible. 
(89.)  If  the  axis  of  the  telescope  be  not  horizontal,  half  the 
distance  between  the  middle  wire  and  its  image,  corrected  for 
error  of  level,  will  give  tte  error  of  collimation  of  the  middle 
wire.  Correcting  this  for  the  distance  of  the  middle  wire  from 
the  mean  of  the  seven  wires,  we  obtain  the  error  of  collimation 
for  the  mean  of  the  seven  vnres. 

.  (90.)  By  reversing  the  axis  of  the  transit  upon  its  supports, 
we  may  obtain  the  error  of  level,  as  well  as  of  collimation,  by 
means  of  the  micrometer.  If  the  errors  of  collimation  and  in- 
clination of  the  axis  are  both  in  the  same  direction,  the  devia- 
tion of  the  middle  wire  from  its  reflected  image  will  represent 
twice  the  sum  of  the  errors  of  collimation  and  level ;  but  if  the 
axis  be  reversed,  the  deviation  will  be  twice  the  difference  of 
these  quantities.  Knowing  the  sum  and  differeDoe  of  these 
quantities,  their  values  are  readily  determined. 

Problem.    . 

(91.)  To  determine  the  correction  to  the  time  of  transit  for 
error  of  collimation. 

This  correction  is  readily  computed  by  equation  (1),  Art.  86. 
We  have  only  to  multiply  the  error  of  collimation  by  the  secant 
of  the  declination  of  the  star. 

Ex,  The  transit  of  Castor,  Dec.  32<^  12^  32^^  N.,  was  observed 
at  areenwich,  February  22d,  1851,  at  7h.  24m.  6.52s.,  the  er- 
ror  of  collimation  being  —  0^^93;  required  the  corrected  time 
of  transit 

-0'^93=0.062s.  log.=8.792 
sec.  Dec. =0.073 
-0.07s.=a865 
Therefore,  the  corrected  time  of  transit  is  7h.  24m.  6.45s. 
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Problem. 
(92.)  To  determine  the  deviation  of  the  transit  instrument 
from  the  meridian. 

First  Method, — Bp  the  pole  star,  or  any  close  circumpolar 
star. 

If  the  transit  telescope  revolves  on  a  horizontal  axis  in  the 
plane  of  the  meridian,  the  intervals  of  time  between  two  suc- 
cessive passages  of  the  pole  star  over  the  central 
wire  must  be  exactly  12  hours.  If  this  interval  dif- 
fers from  12  hours,  then  the  instrument  deviates 
from  the  true  meridian,  and  the  amount  of  devia- 
tion, as  measured  on  the  horizon,  may  be  computed 
as  follows : 

Let  ZPN  be  a  meridian,  and  ZAM  the  vertical 
circle  described  by  the  telescope;  let  ABDC  be 
the  small  circle  described  by  the  star  about  the 
pole,  P.  This  star  will  be  observed  with  the  tran- 
sit telescope  at  the  points  A  and  B  instead  of  C 
and  D. 

Let  ^=the  latitude  of  the  place ;  ,  . 

p=i3ie  polar  distance  of  the  star ; 
a=the  angle  MZN=ihe  deviation  of  the  telescope  from 

the  meridian ; 
A=the  interval  between  two  successive  transits,  minus 

12  hours. 

In  the  triangle  APZ,  we  have 

sin.  PA :  sin.  ZA : :  sin.  AZP :  sin.  APZ ; 
or,  since  small  angles  are  nearly  proportional  to  their  sines, 

sin.  p :  009.  (<t>+p) : : « :  A?Z='"^:  <t>+P) 

_g(cos.  ^  COS./?— sin.  0  sin./?) 

""  sin./? 

=a  COS.  0  cot./?— a  sin.  <p. 

(See  Trig.,  Art.  72) 
Also,  in  the  triangle  BPZ,  we  have 

sm,  BP :  sin.  BZ : :  sin.  BZP :  sin.  BPZ, 
or 
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sin. p :  COS.  i<t>-p)  ::a: BPN=?L^^(t^ 

sm.  p 

_o  (cos.  <t>  COS.  p+sin,  ^  sin,  p) 

~~  sin.  ^ 

=a  COS.  <t>  cot.  p+a  sin.  ^. 

Therefore,  A=APC  +  BPD    =2a  cos.  ^  cot.  p^ 

and  fi^=s 7 — =«  sec.  0  cot.  Deo. ; 

2  cos.  0  cot.  j3     2 

that  is,  the  azimuthal  deviation  of  the  transit  is  equal  to  half 
the  difference  between  the  observed  interval  and  12  hours,  in 
seconds,  multiplied  by  the  secant  of  the  latitude  and  the  co- 
tangent of  the  star's  declination. 

Ex,  1.  January  6th,  1850,  the  transit  of  Polaris,  Dec.  88° 
3(K  5(y^y  was  observed,  sub  polo,  at  Grreenwich,  at  13h.  4m. 
39.40s. ;  and  January  7th,  at  Ih.  4m.  57.62s. ;  the  observations 
being  corrected  for  coUimation,  level,  rate  of  clock,  and  change 
of  right  ascension.     Required  the  azimuthal  error. 

^=9.11s.  =  136^^65  log.=2.1356 

cot.  88°  30^  50^^=8.4140 

sec.  0=0.2056 

a= +5^^69=0.7552 

Since  the  time  elapsed  in  traversing  the  eastern  semicircle  is 
more  than  12  hours,  the  plane  of  the  telescope  falls  to  the  west 
of  the  true  meridian  on  the  north  horizon. 

Ex,  2.  April  23d,  1850,  the  transit  of  Polaris,  Deo.  88°  30" 
27"",  was  olwerved  at  Greenwich  at  Ih.  3m.  34.99s. ;  and  April 
24th,  sub  polo,  at  13h.  3m.  22.55s.  Required  the  azimu^al 
error.  Ans,  +3"".90 

The  factor  sec.  0  cot.  Dec.  is  sensibly  constant  for  Polaris  at 
each  observatory,  through  an  entire  year  or  more ;  hence  it  is 
well  to  prepare  this  factor  once  for  all.  At  Greenwich,  in  1850, 
the  rule  was  to  divide  A,  in  seconds  of  time,  by  3.206,  to  obtain 
the  azimuthal  deviation  in  seconds  of  space.  Thus,  in  Ex.  1, 
18.22s.,  divided  by  3.206,  gives  5"".69=a. 

(93.)  Second  Method, — By  two  stars  differing  consider- 
ably in  declination. 

If  we  take  the  difference  between  the  observed  passages  of 
two  stars  over  the  meridian,  and  also  the  difference  of  their  com- 
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J^  T  puted  right  ascensions,  and  we  find 

these  differences  to  be  precisely 
equal,  the  instrument  will  be  ex- 
actly in  the  meridian ;  if  they  are 
not  equal,  this  inequaUty  shows  a 
deviation  from  the  meridian. 

Let  NZS  be  a  meridian,  VZV^ 
the  vertical  circle  described  by  the 
telescope,  P  the  pole,  Z  the  zenith, 
and  A  and  B  two  stars  observed  by 
the  transit  telescope. 
Let  <p=the  latitude  of  the  place ; 

6  and  d^=the  declinations  of  the  two  stars ; 

A=the  difference  of  the  observed  times,  minus  the 

difference  of  right  ascen»ons ; 
a=the  azimuthal  deviation  of  the  transit. 
In  the  triangle  ZPA,  we  have 

sin.  PA :  sin.  ZA : :  sin.  PZA( =8in  AZS) :  sin.  ZPA, 
a  sin.  Z  .^. 


or      COS.  6 :  sin,  Z : :  a :  ZPA=- 


or 


COS.  <J 
__a  sin.  (<t>^6) 
~       COS.  6 

__o(sin.  <t>  COS.  d— COS.  (f>  sin.  6) 
~  COS.  d 

=a(sin.  0— COS.  ^  tang.  6). 
In  the  same  manner,  we  find 

ZPB=a(sin.  ^— cos.  ^  tang.  6% 
Therefore,     APB=a  cos.  </>(tang.  <J—tang.  ^\ 

APB 

cos.  ^(tang.  (5— tang.  <5^)' 
But,  by  Trig.,  Art.  76, 


a=- 


A     X         T>      sin.(A— B) 
tang.  A-tang.  B=        ^         ^  . 

COS.  ii.  COS.  JD 


Hence 


a  =  - 


A  COS.  6  COS.  <5' 


COS.  0  sin.  (d^— (5) 
The  sign  of  A  is  determined  from  the  equation 
A  =  (T--T)-(R*-R), 
where  T"  and  R"  represent  the  observed  time  and  right  asoen- 
sion  of  the  most  northern  star. 
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Example,  Aug.  18, 1850,  the  transit  of  d  Ceti  (Dec.  8°  ST  S.) 
was  observed  at  Greenwich  at  Ih.  16m.  0.95s.,  and  that  of  Po- 
laris (Deo.  88°  30^  N.)  at  Ih.  5m.  17.63s.,  the  difference  of  the 
tabular  right  ascensions  of  the  stars  being  10m.  40.39s.  Re- 
quired the  azimuthal  error. 

The  difference  between  the  observed  passages  is  10m.  43.32s.; 
hence  A  =— 2.93s. 

2.93s. =43^^95  log.  =1.6430 

cos.  6  =8.4158 

COS.  (5^=9.9947 

sec.  0=0.2056 

cosec.  970  27^=0.0037 

a=-r^83= 0.2628 

The  azimuthal  deviation  may,  in  like  manner,  be  found  by 
comparing  any  two  stars  differing  considerably  in  dechnation, 
and  whose  places  are  known ;  but  it  is  always  best  to  employ 
Polaris,  or  some  close  circumpolar  star,  for  one  of  the  stars. 

(94.)  Third  Method, — By  two  circumpolar  stars  at  opposite 
culminations. 

There  are  two  stars  near  the  north  pole  which  culminate 
nearly  at  the  same  time,  one  above  and  the  other  below  the 
pole.  These  stars  are  51  Cephei  and  <5  Ursse  Minoris.  The 
observation  of  these  stars  affords  one  of  the  best  methods  of  de- 
termining the  deviation  of  the  transit  from  the  meridian.  The 
method  of  reduction  is  the  same  as  in  Axt.  93,  except  that  in- 
stead of  6^—6  we  must  put  d'+d,  since  one  star  is  below  the 
pole.  The  observed  transits  must  first  be  corrected  for  the  er- 
rors.of  level  and  collimation.  Then  put  A=the  difference  of  the 
observed  times,  minus  the  difference  of  the  right  ascensions,  neg- 
lecting the  12  hours.  The  error  in  azimuth  will  be 
__  A  COS.  d^  COS.  6 

Example.  On  the  9th  of  February,  1850,  the  transit  of  6 
UrsEB  Minoris  (Dec.  86^  35^  43^0>  sub  polo,  was  observed  at 
Greenwich  at  6h-  19m.  29.74s.,  and  that  of  51  Cephei  (Dec 
87°  15"  26^0  at  6h.  28m.  1.58s. ;  the  difference  of  the  tabular 
right  ascension  of  the  stars  being  12h.  8m.  20.99s.  Required 
the  error  in  azimutL 
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A=10.86s.=162^^75  log.=2.2115 
COS.  (J'=8.6799 
cos.  (5=8.7737 
sec.  ^=05056 
oosec.  6o  8'  51^^=0.9703 
a= +6^^^93=0.8410 
Hence  the  error  in  azimuth  is  +6''''.93. 
Since  the  observed  interval  between  the  stars  was  too  great, 
it  is  plain  that  the  telescope  pointed  to  the  west  of  the  true  me- 
ridian on  the  north  horizon. 

Problem. 

(95.)  To  compute  the  correction  to  the  time  of  transit  for 
the  error  of  azimuth. 

According  to  equation  (1),  Art.  93, 

COS.  0 

that  is,  the  numerical  correction,  in  seconds  of  time,  to  each 
transit  is  equal  to  the  azimuthal  error,  expressed  in  seconds  of 
time,  multiplied  by  the  sine  of  the  zenith  distance  and  the  se- 
cant of  the  star's  declination. 

Ex.  1.  The  transit  of  Castor,  Dec.  32^  12^  32^^  N.,  was  ob- 
served  at  Greenwich,  February  22d,  1851,  at  7h.  24m.  6.52s., 
the  azimuthal  error  being  —  8''^.32.  Required  the  corrected 
time  of  transit. 

The  zenith  distance  of  the  star  was  19°  16"  7''. 

sin.  2=9.5186 

sec.  rf=0.0726 

8"^32=0.5546s. =9.7440 

-0.22s.  =  9.3351 

Hence  the  time  of  transit  corrected  for  error  of  azimuth  is  7h. 
24m.  6.30s.  By  combining  the  results  of  pages  64  and  67,  we 
find  the  time  of  transit  corrected  for  errors  of  level,  coUimation, 
and  azimuth  to  be 

7h.  24m.  6.52s.-0.29s.-0.07s.-0.22s.=7h.  24m.  5.94s. 

Ex.  2.  It  is  required  to  compute  the  corrections  for  the  fol- 
lowing observations  made  at  Grreenwich,  February  22d,  1851 : 
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Dedinatlon. 


Obsenred 
Tranalt. 


Error  of 


CoUlm.,  Level,  Aximath, 
— 0\93.— r.92.  — 8".82. 


Seconds 
or  Transit 
Corrected. 


/3Taari 

6  Ura»  Minoris  S.  P. , 

Siriu8 

Antares 


38  28N. 
86  36  N. 
16  31  S. 
26     5S 


h.  m.  a 
6  15  63.66 
6  19  16.31 
6  37  36.32 
16  19  17.27 


-0.07-0.27 
+  1.06' +3.27 
-0.06  -0.10 
-0.07-0.06 


-0.26 
-6.24 
-0.64 
-0.60 


62.97 
14.39 
36.62 
16.64 


The  errors  of  collimation,  level,  and  azimuth  being  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  computed  correc- 
tions are  as  given  above,  and  the  corrected  seconds  of  transit  are 
given  in  the  last  column  above. 

(96.)  The  preceding  results  require  to  be  still  further  correct- 
ed for  the  error  of  the  clock,  and  we  shall  obtain  the  apparent 
right  ascension  of  the  object  observed.     Hence  we  have 

T>  A      /m  ,  j4\  ,     sin.(0— d)  ,  ,cos.(<i)— d)  .      c         , 

E.A. = (T + dt) + a — ^^  ,    +  b ^^  ,    H ,  where 

COS.  6  COS.  6        cos.  6 

R.A.=the  apparent  right  ascension  required. 

T=the  observed  time -of  transit,  as  shown  by  the  clock. 

rf^=the  correction  for  error  of  the  clock;  plus  when  the 

clock  is  too  slow. 
a=the  deviation  of  the  telescope  in  azimuth ;  plus  when 

the  eastern  pivot  deviates  to  the  north  of  east. 
6= the  inclination  of  the  axis  of  the  telescope ;  plus  when 

the  west  end  of  the  axis  is  too  high. 
c=the  error  in  colUmation ;  plus  when  the  mean  of  the 

wires  falls  on  the  east  side  of  the  optical  axis. 
0=the  latitude  of  the  place. 
(J=the  declination  of  the  star. 

(97.)  The  coefficients  of  a,  6,  and  c,  being  of  daily  use  in  the 
reduction  of  observations,  should  be  computed  for  each  observa- 
tory. Table  IX.  furnishes  their  values  for  Washington  Observa- 
tory, by  means  of  which  the  reductions  are  made  with  great 
fiioiUty. 

Example.  It  is  required  to  compute  the  corrections  for  the 
following  observations  made  at  Washington  Observatory,  De- 
cember 30th,  1846 ; 
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star. 

I>eeUnation. 

Obserred 
Transit. 

Error  of 

Seconds 
of  Transit 
Corrected. 

▲ximuth, 
-0.3018. 

Level, 

+0.3498. 

Collira., 

—0.0858. 

a  Persei 

y  Eridani 

a  Tauri 

a  Aurigs 

/3  Taun 

0 

+49  18 
-13  67 
+  16  12 
+46  60 
+28  28 

h.  m,      t. 
3  13  65.67 

3  61  24.14 

4  27  39.13 

5  6  63.76 

6  17     7.60 

+0*083 
-0.247 
-0.121 
+0.052 
-0.062 

+0*376 
+0.155 
+0.239 
+0.355 

+0.279 

-0.130 
-0.088 
-0.088 
-0.122 
-0.007 

66  00 
23.96 
39.16 
64.04 
7.72 

The  errors  of  azimuth,  level,  and  oollimation  heing  taken,  as 
given  at  the  head  of  columns  4,  5,  and  6,  the  corrections  given 
ahove  are  readily  found  by  employing  the  coefficients  of  table 
IX. ;  and  the  corrected  times  of  transit  are  given  in  the  last 
column. 

(98.)  Of  the  figure  and  unequal  size  of  the  pivots  of  the 
transit  instrument. 

The  pivots  of  the  horizontal  axis  of  the  transit  instrument 
ought  to  be  perfectly  cylindrical.  By  the  assistance  of  the  level 
we  can  easily  determine  whether  such  is  the  case.  For  this 
purpose  we  place  the  level  upon  the  pivots,  and  point  the  object 
end  of  the  telescope  downward,  as  low  as  possible ;  we  then  di- 
rect the  telescope  upward,  as  far  as  the  level  will  permit.  If 
the  bubble  of  the  level  remains  stationary  during  this  rotation, 
we  may,  with  great  probability,  assume  that  the  pivots  are  cy- 
lindrical. This  conclusion,  however,  is  not  necessarily  exact ; 
for  if  the  sections  of  the  pivots  were  perfectly  equal  curves,  of 
whatever  kind,  symmetrically  placed  with  respect  to  the  axis  of 
rotation,  the  bubble  would  not  be  disturbed  during  the  revolu- 
tion of  the  telescope.  As,  however,  the  coincidence  of  all  these 
conditions  is  not  to  be  expected,  we  may  safely  assume  the 
pivots  to  be  cylindrical  when  they  will  stand  the  preceding  test. 

(99.)  If  the  pivots  are  made  perfectly  cylindrical,  but  of  un- 
equal diameters,  when  the  level  is  placed  upon  the  pivots,  and 
the  telescope  revolved,  the  bubble  will  not  change  its  position, 
but  the  inclination  of  the  axis,  shown  by  the  readings  of  the 
level,  will  be  erroneous ;  for  if  the  axis  of  rotation  were  per- 
fectly horizontal  while  the  pivots  were  unequal,  the  level  would 
indicate  an  inclination,  and  the  thickest  end  of  the  axis  would 
appear  to  be  higher  than  the  other.  Let  this  inclination  be 
accurately  measured  by  means  of  the  level.  Now  reverse  the 
axis  of  the  telescope.     If  the  largest  pivot  was  before  on  the 
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east  side  of  the  telescope,  it  will  now  be  on  the  west  side,  and 
the  inclination  of  the  axis  will  be  changed.  Let  the  inclina- 
tion be  again  accurately  measured  by  means  of  the  level.  One 
half  the  difference  between  the  level  errors  in  the  two  positions 
of  the  axis  gives  the  effect  of  the  difference  in  the  diameter  of 
the  pivots ;  and  one  fourth  the  difference  gives  the  effect  of  the 
difference  in  the  radii  of  the  pivots,  which  is  a  correction  to  be 
always  subtracted  from  the  larger  end. 

(100.)  For  example,  Mr.  Curley,  at  the  Georgetown  Observa- 
tory, in  1846,  found  that  when  the  pivot  C  of  Jiis  trcinsit  instru- 
ment rested  on  the  west  Y,  the  east  end  of  the  axis  appeared  to 
be  too  high  by  1^^.046  ;  but  when  the  same  pivot  rested  on  tho 
east  Y,  the  east  end  of  the  axis  appeared  to  be  too  high  by  1^^.660. 
Hence  the  pivot  C  is  the  largest,  and  the  correction  to  the  level 
extot  on  account  of  the  difference  in  the  diameter  of  the  pivots  is 

J— ^ =0".153.     This  correction  is  to  be  apphed  to  all 

level  readings  with  this  instrument,  inasmuch  as  the  level  de- 
termines only  the  inclination  of  the  tops  of  the  pivots,  while  in 
transit  observations  wo  require  to  know  the  inclination  of  the 
axis  of  the  pivots. 

TRANSIT   OBSERVATIOIYS   RECORDED    BY   MEANS    OF   ELECTRO-MAG- 
NETISM. 

(101.)  Quite  recently  there  has  been  introduced  a  new  meth- 
od of  recording  transit  observations  by  means  of  electro-magnet- 
ism. This  application  involves  two  contrivances  entirely  dis- 
tinct from  each  other.  The  first  is  a  method  by  which  an  as- 
tronomical clock  may  be  made  to  break  the  electric  circuit  at 
the  end  of  every  second  ;  and  the  other  is  the  register,  for  re- 
cording not  only  the  beats  of  the  clock,  but  also  any  other  arbi« 
trary  signals  at  the  pleasure  of  the  operator. 

1st.   The  electric  clock. 

(102.)  The  electric  circuit  may  be  broken  every  second,  by 
means,  of  a  clock,  in  a  variety  of  ways.  Dr.  Locke  introduced 
into  &e  astronomical  dock  a  wheel  with  60  teeth,  which  makes 
one  revolution  per  minute.  Each  tooth,  in  succession,  strikes 
against  the  handle  of  a  platinum  tilt-hammer,  AC,  weighing 
about  two  groins,  and  knocks  up  the  hammer,  which  almost 
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immediately  falls  to  a  state  of  rest  on  a  bed  of  platinum.  The 
fulcrum,  B,  of  the  tilt-hammer  and  the  platinum  bed  rest,  sev- 
erally, on  a  small  block  of  wood.  Each  is  connected,  by  wires 
D  and  E,  with  a  pole  of  the  galvanic  battery,  and  the  circuit  is 
alternately  broken  and  completed  by  the  rising  and  falling  of 
the  hammer.  The  circuit  is  open  about  one  tenth  of  a  second, 
and  closed  the  remaining  nine  tenths  of  each  second. 

(103.)  Professor  Bond  insulates  the  axis  of  the  escapement 
wheel,  and  also  the  axis  of  the  steel  pallets,  by  a  ring  of  shellac. 
Wires  from  the  two  poles  of  the  battery  are  connected  with 
each  axis,  so  that  when  either  pallet  comes  in  con- 
tact with  an  escapement  tooth,  the  galvanic  circuit 
is  closed ;  and  when  the  contact  is  broken  (as  it 
must  be  at  every  oscillation  of  the  pendulum),  the 
galvanic  circuit  is  opened. 

(104.)  At  the  Washington  Observatory  the  same 
object  was  accomplished  in  the  following  manner : 
A  small  piece  of  metal,  M,  is  attached  to  the  back 
of  the  clock,  near  the  lower  extremity  of  the  pendu- 
lum, and  upon  it  is  placed  a  small  globule  of  mer- 
cury, so  that  the  index,  B,  attached  to  the  lower 
extremity  of  the  pendulum  may  pass  through  the 
globule  of  mercury  once  every  vibration.  A  wire 
from  one  pole  of  the  battery  is  connected  with  the 
supports  of  the  pendulum,  C,  and  another  wire 
from  the  other  pole  of  the  battery  connects  with 
the  metallic  support  of  the  mercury  globule.     If, 
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now,  the  pendulum  were  at  rest,  with  the  pointer,  B,  in  the  mer- 
cury, it  is  evident  that  the  electrio  circuit  would  he  complete 
through  the  pendulum.  If,  then,  the  pendulum  he  set  in  mo- 
tion, it  will  hreak  the  circuit  whenever  it  passes  out  of  the  mer- 
cury, and  restore  it  again  as  soon  as  it  touches  the  mercury. 

(105.)  Mr.  Saxton  employed  a  small  tilt-hammer,  like  Dr. 
Locke,  but  he  broke  tho  circuit  by  means  of  a  small  glass  pin 
projecting  from  the  pendulum. 

ABC  represents  a  fine  platinum  wire,  mounted  upon  a  pivot 
at  B,  the  end  A  being 
somewhat  heavier  than 
the  other,  and  resting 
upon  a  metallic  bed,  D. 
At  C,  the  wire  is  bent 

so  as  to  form  an  obtuse  A 

angle.      The   wire    E  f 

goes  from  D  to  one  polo  f]^  „ 

of  the    battery,  while  ' — '^  ^"^L^ 

the  wire  H,  from  the 
other  pole  of  the  battery,  communicates  with  the  metaUic  sup- 
port, Gr,  and  thence  with  the  wire  AB.  When  the  end  A  of 
the  platinum  wire  rests  upon  the  support  D,  it  is  evident  that 
the  electric  circuit  is  complete.  This  apparatus  is  placed  near 
the  middle  of  the  pendulmn  (a  portion  of  which,  IK,  is  repre- 
sented in  the  cut),  and  just  in  front  of  it,  so  that  the  pendulmn 
may  swing  behind  it  without  obstruction.  A  small  glass  pin, 
F,  about  half  an  inch  in  length,  is  attached  to  the  pendulum 
in  such  a  position  that,  at  every  vibration  of  the  pendulum,  the 
pin  shall  slightly  impinge  upon  the  angle  C  of  the  platinum 
wire,  and  force  up  the  end  A.  As  soon  as  the  pin  has  passed 
the  point  C,  the  end  A  falls  back  again  upon  its  support,  D. 
Thus,  at  every  vibration  of  the  pendulum,  the  end  A  of  the 
platinum  wire  is  lifted  about  a  tenth  of  a  second,  and  rests 
upon  D  during  the  remaining  nine  tenths  of  the  second.  At 
present  (1881),  at  the  Washington  Observatory,  the  electrio 
oircuit  is  closed  by  a  small  platinum  point  which  projects  from 
the  middle  of  the  pendulum  rod,  and  at  ea(;h  vibration  touches 
the  surface  of  a  small  globule  of  mercury. 

2d.  Th&  Register. 


78 


PRACTfOAl.     AsTftONOMT. 


(106.)  The  most  obvious  mode  of  registering  the  beats  of  the 
clock  is  upon  a  long  fillet  of  paper,  after  the  ordinary  method 
of  telegraphic  commmiications.  If  the  paper  be  allowed  to  run 
through  an  ordinary  Morse  registering  apparatus,  and  the  circuit 
be  broken  every  second  by  the  clock,  the  graver  will  trace  upon 
the  paper  a  series  of  lines  of  equal  length,  separated  by  short 
interruptions,  thus : 

It  is  easy  to  reverse  the  action  of  the  graver,  so  that,  when 
the  circuit  is  complete,  the  paper  shall  be  entirely  free,  and  a 
dot  be  made  by  the  breaking  of  the  circuit.  A  paper  graduated 
into  seconds  by  this  arrangement  exhibits  dots  with  long  inter- 
vening spaces,  thus : 

instead  of  long  lines  with  short  blanks,  as  shown  before. 

In  order  to  indicate  the  commencement  of  the  minute,  a  dot 
may  be  omitted  at  the  end  of  every  60  seconds.  This  is  ac- 
complished in  Dr.  Locke's  clock  by  omitting  one  tooth  in  the 
wheel  which  breaks  the  circuit,  as  shown  at  H,  in  the  figure, 
page  76. 

(107.)  The  mode  of  using  the  register  for  marking  the  date 
of  any  event,  is  to  tap  on  a  break-circuit  key  simultaneously 
with  the  event.  The  beginning  of  the  short  line  thus  printed 
upon  the  graduated  scale  of  the  register,  fixes,  by  a  permanent 
record,  the  date  of  the  event  Thus  A  represents  sudhi  a  record 
printed  upon  the  graduated  paper. 
-  —  _   A  _ 

By  tapping  upon  the  key  at  the  ^nstant  a  star  is  seen  to  pass 
each  of  the  wires  of  a  transit  instrument,  tiie  observation  is  in- 
stantly and  permanently  recorded.     The  usual  rate  of  progress 
of  the  fillet  under  the  pen  is  about  one  inch  per  second,  and 
the  observations  are  read  off  by  means  of 
a  graduated  trcmsparent  scale,  about  an 
inch  square,  as  represented  in  the  annexed 
^  ^  cut,  consisting  of  equidistant  and  parallel 

lines,  ruled  upon  a  piece  of  glass  by  means 
of  a  diamond,  or  etched  with  fluoric  acid. 
If  the  interval  between  the  second  dots 
be  greater  than  the  breadth  of  the  scale, 
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the  scale  is  tamed  obliquely  across  the  fiHet,  until  the  first  and 
last  divisions  exactly  comprehend  the  space  between  the  two 
second  dots.  Let  the  distance  from  4s.  to  Ss.,  on  the  above 
scale,  be  the  distance  on  the  fillet  between  the  ibarth  and  fifth 
seconds,  and  let  the  dot,  a,  between  them  represent  the  obser- 
vation. It  appears,  by  inspection,  that  the  observation  vras  re- 
corded between  4.7  and  4.8  seconds.  The  distance  of  a  from 
the  nearest  scale  division  may  be  estimated  to  tenths.  Thus 
time  is  accurately  measured  to  tenths,  and  l\\\\  \\ 
may  be  estimated  to  hundredths  of  a  second.  \\\\\  \\ 
On  some  accounts,  it  is  more  convenient  to 
employ  a  scale  consisting  of  diverging  lines, 
as  represented  in  the  annexed  cut,  so  that  the 
breadth  of  the  scale  may  always  exactly  com- 
prehend the  interval  between  the  second  dots, 
which  intervals  must  necessarily  vary  some«- 
what  in  length. 

(108.)  This  method  of  recording  transits  not  only  possesses  the 
advantage  of  precision,  but  also  of  performing  vastly  more  work 
in  a  given  time.  Fifteen  seconds  is  the  ordinary  equatorial  in- 
'terval  for  the  wires  of  a  transit  instrument ;  but  when  the  tran- 
sits are  printed  on  paper,  in  the  manner  now  described,  this  in- 
terval may  easily  be  reduced  to  two  or  three  seconds.  The  value 
of  a  night's  work  with  the  transit  instrument  is  thus  increased 
many  fold. 

To  obviate  the  inconvenience  of  a  long -fillet  of  paper,  Mr. 
8axton  has  substituted  a  cylinder,  about  eight  inches  in  diam- 
eter and  two  feet  long,  enveloped  with  paper,  which  may  be  re- 
moved at  pleasure.  This  cylinder  is  made  to  revolve,  witii  a 
uniform  motion,  upon  a  screw  axis,  so  that  the  recording  dots 
are  made  upon  a  perpetual  spiral.  One  sheet,  filled  in  this 
manner,  will  contain  about  two  hours'  work  with  a  transit  in- 
strument. 

(109.)  In  order  to  secure  the  ftdl  advantage  of  the  preceding 
method,  it  is  important  that  the  paper  which  contains  the  reg- 
ister be  made  to  advance  with  entire  uniformity.  The  Messrs. 
Bond  have  invented  for  this  purpose  a  machine  which  they  call 
the  Spring  Governor,  ccmsisting  of  a  train  of  clock-work  con- 
nected with  the  axis  of  a  fly-wheel.     It  has  an  escapement- 
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wheel,  into  the  teeth  of  which  pallets  are  operated  by  the  oscil- 
lations of  a  pendulum,  as  in  ordinary  clocks,  the  wheel  being  so 
connected  with  its  axis  by  a  spring  as  to  allow  the  axis  to  move 
while  the  wheel  is  detained  by  the  pallets.  The  register  is  made 
upon  a  sheet  of  paper  wrapped  round  a  cylinder. 

Professor  Airy,  in  order  to  impart  a  uniform  motion  to  the 
paper,  employs  a  large  conical  pendulum,  revolving  in  a  circle, 
whose  diameter  is  about  equal  to  the  arc  of  vibration  of  em  or- 
dinary seconds  pendulum. 

At  the  Washington  Observatory  tiie  recording  cylinder  makes 
one  revolution  in  a  minute,  and  its  uniform  motion  is  secured 
by  a  spring  making  182  vibrations  in  a  second. 

PERSONAL    EQUATION. 

(110.)  We  frequently  find  that  two  individuals,  both  of  whom 
have  been  well  trained  in  transit  observations,  will  differ  by  a 
large  and  nearly  constant  quantity  in  observing  the  exact  mo- 
ment at  which  a  star  passes  a  transit  wire.  This  difference  is 
called  their  personal  equation;  and  an  allowance  should  al- 
ways be  made  for  it  whenever  observations,  which  have  been 
made  by  two  individuals  for  the  determination  of  absolute  time, 
are  to  be  combined.  This  equation  may  be  determined  by  either 
of  the  following  methods : 

(111.)  First  Method. — ^Let  one  observer  note  the  passage  of 
a  star  over  the  first  three  or  four  wires  of  the  transit  instrument, 
and  the  other  observer  note  the  same  star  over  the  remaining 
wires.  Let  each  set  of  observations  be  reduced  to  the  mean 
wire  by  employing  the  equatorial  interval  previously  determined. 
The  difference  between  the  two  mean  results  thus  obtained  is 
the  personal  equation  of  the  observers.  A  dozen  stars  observed 
in  the  course  of  an  hour,  will  furnish  this  equation  within  a  few 
hundredths  of  a  second. 

(112.)  Second  Method. — The  same  object  may  be  accom- 
plished still  more  conveniently  by  employing  an  equatorial  tel- 
escope. Place  the  two  threads  of  the  micrometer  at  a  distance 
from  each  other  equal  to  about  ten  seconds  of  time,  and  adjust 
them  to  the  position  of  an  hour  circle.  Direct  the  telescope  upon 
a  star  near  the  meridian,  and  let  the  two  astronomers  observe 
the  passage  of  the  star  over  the  two  wires  alternately.     By 
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means  of  the  tangent  screw  belonging  to  the  hour-circle,  bring 
the  star  back  again,  and  repeat  the  observation  as  many  times 
as  may  be  thought  necessary ;  suppose,  for  example,  20  times. 
At  10  of  these  observations,  the  individual  A  should  have  made 
the  observation  at  the  first  wire,  and  the  individual  B  at  the 
second ;  and  vice  versa  for  the  other  10  observations.  Let  M 
represent  the  mean  of  the  first  set  of  observations,  and  M^  the 
mean  of  the  second  set  of  observations ;  then  will  the  personal 
equation  be 

2      • 

In  1843,  Dr.  Peterson,  at  Altona,  and  H.  0.  Struve,  of  the 
Pulkova  Observatory,  from  a  series  of  observations  made  M  = 
7.175s.,  and  M''  =  7,681s.  Hence  their  personal  equation  was 
0.203s. 

In  the  same  manner,  the  personal  equation  between  Dr.  Pe- 
terson and  M.  SaUer,  of  the  Pulkova  Observatory,  was  found  to 
be  0.324s. 

The  personal  equation  between  the  late  Professor  Henderson, 
of  the  Edinburgh  Observatory,  and  Mr.  Wallace,  his  assistant, 
was  0.42s. 

This  personal  equation  is  but  another  name  for  positive  error 
in  the  estimation  of  fractions  of  a  second ;  and  it  not  only  va- 
ries with  different  individuals,  but  varies  with  the  same  indi- 
vidual at  different  times.  The  amount  of  this  error  in  skillful 
and  long-practiced  observers  is  truly  surprising.  Observations 
made  by  different  individuals  for  the  determination  of  absolute 
time  should  therefore  never  be  combined  without  investigating 
the  personal  equation  of  the  observers. 

(113.)  (hlUmating  telescopes, — ^As  a  substitute  for  distant 
meridian  marks,  the  following  arrangement  is  now  generally 
adopted  in  the  large  observatorie?'.    Two  small  telescopes,  A  and 

C ^ 

B 


^    £ 


^ 


B, are  mounted  on  piers  in  ihe  transit  ro«im  with  their  optical 
axes  nearly  in  the  same  line  with  that  of  the  telescope,  C,  of  the 
transit  instrument,  one  north  and  the  other  south  of  it.     The 

F 
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object-glasses  of  the  telescopes  A  and  5  are  tamed  towards 
each  other,  and  therefore  towards  the  transit  instmment. 

Let  0,  o',  and  d'  be  the  optical  centres  of  the  three  object- 
glasses  ;  let  ff,  8\  and  b''  be  the  foci  for  parallel  rays,  and  suppose 
each  of  the  collimators  to  have  a  single  vertical  wire  in  its  fo- 
cus. Rays  of  light  proceeding  from  a  wire  at  «,  b\  or  s"  will 
emerge  from  the  object-glass  of  the  telescope  as  parallel  rays. 
If  the  telescope  G  be  pointed  upon  A,  an  image  of  the  wire  at 
s  will  be  formed  at  s*' ;  and  if  the  telescope  C  be  pointed  upon 
B,  an  image  of  the  wire  at  s'  will  be  formed  at  s".  In  the 
north  and  south  sides  of  the  central  cube  of  the  transit  instm- 
ment let  a  circular  aperture  be  made,  so  that  when  the  axis  of 
the  telescope  G  is  placed  vertically,  an  image  of  the  wire  of 
either  collimator  will  be  formed  at  the  focus  of  the  other,  and 
either  wire  may  be  adjusted  so  as  to  coincide  exactly  with  the 
image  of  the  other.  The  two  sight  lines  of  the  collimators  will 
then  be  in  the  same  straight  line,  or  will  be  parallel  to  each 
other,  and  their  wires  when  viewed  by  the  transit  telescope  C 
will  represent  two  objects  infinitely  distant,  whose  difference  of 
azimuth  is  180^.  Let  now  the  telescope  of  the  transit  instru- 
ment be  directed  towards  the  collimator  A.  An  image  of  the 
wire  at  s  will  be  formed  at  s'^  and  we  will  suppose  that  it  does  not 
coincide  exactly  with  the  central  wire  of  the  transit  telescope, 
but  is  seen  at  a  small  distance  from  it  upon  its  west  side.  Let 
this  distance,  m,  be  carefully  measured  by  a  micrometer.  Now 
revolve  the  telescope  G  upon  its  rotation  axis  and  direct  it  to- 
wards the  collimator  B.  An  image  of  the  vnre  at  s'  will  be 
formed  at  s'\  but  it  probably  will  not  coincide  with  the  middle 
wire  of  the  transit  telescope.  Let  this  distance,  m',  be  measured 
by  the  micrometer.  We  shall  then  have  the  ooUimation  error 
equal  to 

where  m  and  m'  represent  the  distances  of  the  middle  wire  of 
the  transit  telescope  west  of  the  north  and  south  collimator 
wires. 


CHAPTER  in. 

GRADUATED  CIRCLES. 
MURAL    CIRCLE. 

(114.)  The  mural  circle  consists  of  a  metallic  circle,  com- 
monly of  brass,  from  four  to  six  feet  in  diameter  when  intended 
for  a  large  observatory.  Its  circumference  is  graduated  into 
degrees  and  minutes,  and  these  are  subdivided  into  seconds  by 
a  vernier  or  a  reading  microscope.  It  revolves  upon  a  horizon- 
tal axis,  inserted  in  a  stone  pier,  so  situated  that  the  plane  of 
the  circle  may  coincide  with  the  meridian.  The  figure  on  the 
following  page  represents  the  mural  circle  used  for  many  years 
at  the  G-reenwich  Observatory.  The  circle  aaaa  is  six  feet  in 
diameter,  of  brass,  and  connected  with  the  central  nucleus  by 
sixteen  spokes,  or  conical  radii.  A  circle  of  bracing  bars  is  in- 
terposed to  bind  the  cones  together,  half  way  between  the  outer 
ring  and  the  centre.  The  axis  is  a  cone  of  brass,  nearly  seven 
inches  in  diameter  in  front,  but  behind  only  about  half  as  much, 
and  nearly  four  feet  long. 

(115.)  The  telescope,  MM,  has  a  focal  length  of  six  feet  two 
inches,  the  aperture  is  four  inches,  and  its  common  magnifying 
power  about  150.  At  its  focus  are  five  vertical  wires,  and  a 
horizontal  stationary  one,  besides  a  micrometer  wire,  movable 
in  altitude,  whose  head  is  divided  into  100  equal  parts.  The 
telescope  is  attached  to  the  circle  at  the  centre  by  a  steel  axis, 
which  passes  through  the  proper  axis  of  moticoi  from  end  to 
end,  so  that  the  motion  of  the  telescope  round  its  own  axis  is 
concentric  with  that  of  the  circle.  For  die  purpose  of  fixing 
the  telescope  in  any  position  with  respect  to  the  circle,  there  are 
two  damps,  one  at  each  end,  which  may  be  secured  to  the  ex- 
terior border  of  the  circle. 

The  hmb  of  the  circle  consists  of  two  rings,  the  interior  one 
having  its  plane  parallel,  and  the  exterior  one  perpendicular  to 
the  plane  of  the  circle,  so  that,  when  united,  their  section  is 
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represented  by  the  letter  T.     The  graduation  is  made  on  the 
broad  surface  of  the  exterior  ring.    The  divisions  are  made  upon 


a  narrow  ring  of  white  metal,  composed  of  four  parts  of  gold  to 
one  of  palladium ;  and  the  figures  which  count  the  degrees  are 
engraved  upon  a  similar  ring  of  platina.  Neither  of  these  metals 
tarnishes  in  the  least  degree.  The  degrees  are  cut  into  twelve 
D&rts,  or  5^  spaces,  and  are  numbered  from  the  pole  southward 
to  the  same  pole  again,  viz.,  from  0°  to  360°. 

(116.)  Placed  at  equal  distances  round  the  circle,  and  firmly 
attached  to  the  pier,  are  six  reading  microscopes.  A,  B,  C,  D, 
E,  F,  with  an  acute  cross  of  wires  at  their  foci  for  measuring 
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angles  less  than  five  minutes.     Fig,  1  represents  the  appear- 


ance of  one  of  these  microscopes.  It  is  a  compound  micro- 
scope, consisting  of  three  lenses,  one  of  which  is  the  object  lens, 
at  L,  and  the  other  two  are  formed  into  a  positive  eye-piece, 
G  H.  In  the  common  focus  of  the  object  lens  and  the  eye- 
piece, at  K,  is  placed  the  spider-line  micrometer,  similar  in  prin- 
ciple to  that  described  in  Art.  38.  It  consists  of  a  small  rect- 
angular frame,  across  which  are  stretched  two  spider  lines, 
forming  an  acute  cross,  and  is  moved  laterally  by  means  of  a 
screw,  whose  head  is  divided  into  60  equal  parts.  Fig.  2 
shows  the  field  of  view,  with  the  magnified  divisions  on  the  in- 
strument, as  seen  through  the  microscope.  When  the  micro- 
scope is  properly  adjusted,  the  image  of  the  divided  limb  and 
the  spider  lines  are  distinctly  visible  together ;  and,  also,  five 
revolutions  of  the  screw  must  exactly  measure  one  of  the  5^ 
spaces  on  the  limb.  If  the  five  revolutions  do  not  include  the 
whole  of  one  space,  the  object  lens  must  be  screwed  up  toward 
the  image  of  the  limb,  and  the  position  of  the  microscope  al- 
tered  till  distinct  vision  is  obtained  both  of  the  spider  lines  and 
the  divisions  of  the  limb.  It  may  require  repeated  trials  before 
these  conditions  are  completely  fulfilled.  Moreover,  it  is  found 
that  changes  of  temperature  and  other  causes  produce  a  con- 
tinual variation  in  the  value  of  one  division  by  the  microscope. 
Each  of  the  microscopes  must  therefore  be  examined  firom  time 
to  time,  and  allowance  made  for  error  of  runs.  It  is  usual  to 
measure  the  value  of  one  division  of  the  circle  by  each  micro- 
scope, at  several  different  parts  of  the  circle,  and  take  the  mean. 
The  following  example  is  taken  firom  the  "Washington  observa- 
tions of  1845: 
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.    July  15, 1845.     Error  of  runs. of  the  six  microscopes  determ« 
ined  for  four  points  of  the  circle. 


Pointer. 

A.        1        B. 

c. 

D. 

E. 

T. 

Mean. 

o 

72 

+2.0 

+2.3 

+2.6 

+a6 

+  1^ 

+0.0 

+  1.417 

112 

2.5 

3.1 

1.4 

1.7 

2.3 

1.7 

2.117 

240 

2.0 

1.9 

1.8 

1.0 

2.5 

2.0 

1.867 

360 

1.8 

2.2 

1.7 

1.9 

1.7 

1.0 

1.717 

Mean. 

+2.07 

+2.37 

+  1.85^  +  1.27 

+  1.92 

+  1.17+1.779 

The  average  error  of  the  six  microscopes  for  an  arc  of  5  min- 
utes, July  16th,  was  +1''^.779.  Consequently,  smaller  arcs, 
which  are  measured  by  the  microscopes,  should  have  a  propor- 
tional part  of  this  error  applied  to  them ;  that  is,  the  correction 
due  to  an  observation  for  error  of  runs  is 

M.R 


where  R  represents  the  observed  error  of  runs,  and  M  is  the 
mean  of  the  microscopes,  omitting  the  largest  contained  multi- 
ple of  5  minutes. 

(117.)  The  axis  of  the  circle  is  made  horizontal  by  the  aid  of 
a  plumb  line,  suspended  in  front  of  the  circle^  and  viewed  by 
two  microscopes,  one  near  the  top,  and  the  other  near  the  bottom 
of  the  circle.  Or,  as  this  instrument  is  supposed  to  be  used  in 
conjunction  with  a  transit  instrument,  we  may  render  the  axis 
horiz(»itai  by  moving  the  adjusting  screws,  so  as  to  make  a  zen- 
ith star  pass  the  middle  wire  at  the  instant  the  star  is  passing 
the  middle  wire  of  the  transit.  We  may  also  bring  the  plane  of 
the  circle  into  the  meridian  by  selecting  a  star  near  to  the  hori- 
zon, and  moving  the  proper  screws  so  as  to  cause  it  to  pass  the 
middle  wire  at  the  same  instant  that  it  passes  the  middle  wire 
of  the  transit. 

(118.)  To  make  an  observation  with  the  mural  circle,  the  tel- 
escope is  pointed  upon  a  star  just  before  it  passes  the  meridian^ 
and,  by  means  of  the  tangent  screw,  the  telescope  is  moved  in 
altitude  until  the  star  appears  bisected  by  the  horizontal  wire. 
An  index  or  pointer  shows  the  number  of  degrees,  and  the  near- 
est five  minutes,  while  the  minutes  less  than  five  and  the  seconds 
are  obtained  from  the  microscopes. 
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The  following  observatioiis  were  made  at  Washington,  No- 
vember 28, 1845 : 


Surt. 

Poinier. 

A. 

— B.    ■■ 

c. 

D. 

E. 

p.  ■ 

7]  Tauri 

315  15 

0  37.5 

65.0 

55.3 

39.6 

75.7 

37.7 

a  Tauri 

322  40 

1  15.5 

44.6 

36.0 

18.6 

56.2 

14.7 

a  Orionis  .... 

331  30 

0  22.5 

52.0 

43.0 

26.0 

63.3 

21.0 

€  Ganis  Majoris . 

7  35 

1  45.6 

77.8  66.0 

53.2 

83.6 

43.6 

It  is  required  to  determine  the  true  circle  readings,  the  error 
of  runs  on  an  arc  of  5^  at  the  time  of  each  of  the  preoeding  ob- 
servations being  -  T^Sl ;  -1^76;  -l^^Sl;  -.r''.83. 

The  mean  of  the  seconds  readings  by  the  six  microscopes  for 
tj  Tauri  is  51''^80.  The  error  of  runs  for  5'  being  —  I'^Sl,  the 
error  for  Sl^^S  will  be  —  0'''.27,  which,  subtracted  from  the  pre- 
ceding mean,  gives  52^^07  for  the  number  of  seconds.  The 
pointer  indicates  315^  15^  Hence  the  concluded  circle  reading 
is  315^  15'  52^07. 

For  a  Tauri,  the  mean  of  the  seconds  readings  by  the  six  mi- 
croscopes is  30'^93  ;  correction  for  runs,  +(^^54,  making  31''^47. 
The  pointer  indicates  322^  40',  and  the  microscopes  give  V 
3V'A7.    Hence  the  concluded  circle  reading  is  322^  41'  31''^47. 

For  a  Orionis,  mean  of  the  six  microscopes,  37^^97 ;  correc- 
tion for  runs,  +(y'SiS. 

Concluded  circle  reading,  331°  30^  38^^20. 

For  e  Ganis  Majoris,  mean  of  microscopes,  Gl^'^GS ;  correction 
for  runs,  +(y'.77. 

Gonduded  circle  reading,  7°  37'  2'''.40. 

These  results  require  to  be  still  further  corrected  for  refrac- 
tion, which  is  furnished  by  Table  VIH. 

(119.)  To  determine  the  horizontal  point,  or  the  zenith 
point,  on  the  limb  of  the  circle. 

Point  the  telescope  upon  any  known  star  when  it  crosses  the 
meridian,  and  record  the  reading  of  the  circle.  On  the  next 
night,  observe  the  same  star  as  it  crosses  the  meridian,  by  point- 
ing the  telescope  upon  the  image  of  the  star  reflected  from  the 
surface  of  mercury.  As  the  sur&oe  of  a  fluid  at  rest  is  horizon- 
tal, and  as  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence, this  image  will  be  just  as  much  depressed  below  the  hori- 
zon as  the  star  itself  is  above  it     The  arc  intercepted  on  the 
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limb  of  the  circle,  between  the  star  and  its  reflected  image,  is 
the  double  altitude  of  the  star,  and  its  middle  point  is  the  hori- 
zontal point  of  the  circle,  allowing  for  the  difference  of  refraction 
at  the  moments  of  observation.  By  skillful  management  it  is  pos- 
sible to  observe  the  star  on  the  same  nighty  both  by  reflection  and 
direct  vision,  sufficiently  near  to  the  meridian  to  give  the  horizon- 
tal point  without  risking  the  change  of  refraction  in  24  hours. 

(120.)  This  may  be  effected  in  the  following  manner :  Sev- 
eral minutes  before  the  star  in  question  comes  to  the  meridian, 
let  the  telescope  bo  pointed  downward  upon  a  basin  of  mercury, 
previously  placed  in  the  proper  position  to  see  the  star  reflected 
from  its  surface.  Let  the  telescope  be  firmly  clamped,  and  the 
six  microscopes  be  read  and  registered.  When  the  star  enters 
the  field  of  the  telescope,  let  it  be  followed  by  the  micrometer 
wire  which  moves  in  altitude,  and  let  it  be  accurately  bisected 
at  the  instant  the  star  passes  the  first  vertical  wire.  Then-  un- 
clamp  the  telescope  and  point  it  upward  toward  the  star  ]  and, 
by  means  of  the  tangent  screw,  let  the  telescope  be  moved  in 
altitude  until  the  star  is  brought  upon  the  fixed  horizontal  wire, 
and  let  it  be  accurately  bisected  at  the  instant  of  its  passing  the 
last  vertical  wire.  The  observer  may  then  read  the  microscopes 
at  his  leisure,  and  also  the  micrometer  of  the  telescope.  Know- 
ing the  value  of  one  revolution  of  the  screw,  the  first  observation 
is  easily  reduced  to  the  fixed  horizontal  wire,  so  that  we  have 
secured  a  reflected  observation  at  the  first  vertical  wire,  and  a 
direct  observation  at  the  last  vertical  wire.  Both  of  the  observ- 
ations are  to  be  reduced  to  the  middle  wire,  as  explained  in  Art. 
174.  The  mean  of  the  two  observations  thus  corrected  furnish- 
es the  horizontal  point  on  the  circle. 

(121.)  The  nadir  point,  and,  consequently,  the  zenith  point 
of  the  circle,  may  also  be  found  in  the  mode  described  in  Art. 
87.  When  the  telescope  is  directed  vertically  downward  upon 
a  basin  of  mercury,  cmd  the  reflected  image  of  the  horizontal 
wire  is  brought  to  coincide  with  its  direct  image,  the  telescope 
is  directed  toward  the  nadirs  which  is  distant  90  degrees  from 
the  horizontal  point,  or  180  degrees  from  the  zenith  point,  ks 
this  observation  can  be  made  at  any  time  independently  of  the 
weather,  it  is  a  most  valuable  method,  and  in  many  observato- 
ries is  the  one  exclusively  employed. 
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(122.)  The  horizontal  point,  determined  by  direct  and  reflect- 
ed observations,  should  differ  exactly  90°  from  the  zenith  point, 
determined  by  the  colUmating  eye-piece.  By  combining  the  two 
methods,  therefore,  we  have  the  means  of  testing  the  accuracy 
of  each  of  them.  The  following  are  the  results  of  observations 
made  at  Washington  in  1845 : 


I    Horizonud  Point. 


Aug.  1 
*  4 
^'  18 
'  23 
Oct.  30 
Nov.  7 


6  UrsBB  Minoris 
d  UrssB  Minoris 
6  Ursee  Minoris 
a  UrssB  Minoris 
y  Cephei  .... 
y  Cephei  .... 


330     0     1.42 
30    0    0.01 


18|y  Cephei 


330    0     1.16240    0     1.30 


100    0    3.02 


Zenith  Point. 


240  0  0.65 
300  0  1.00 


29  57  34.17299  57  35.23 


190  0  3.22 


Difference. 


-0.14 
+  0.77 
-0.99 
-1.06 
-0.20 


120    0    8.50210    0    8.40+0.10 
160    0  11.80250     0  11.69+0.11 


During  the  interval  of  these  observations,  the  position  of  the 
telescope  was  repeatedly  changed,  so  that  the  horizontal  point 
was  brought  upon  different  parts  of  the  circle.  The  last  column 
in  the  above  table  shows  the  errors  of  the  observations,  combined 
with  the  error  in  the  graduation  of  the  circle ;  yet  the  resulting 
error,  it  will  be  seen,  is  scfiurcely  appreciable. 
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(123.)  As  the  mural  circle  has  a  short  axis,  its  position  in  the 
meridian  is  unstable,  and  therefore  it  can  not  be  relied  upon  to 
give  the  right  ascension  of  stars  with  great  accuracy.  It  was 
formerly  thought  necessary  at  Greenwich  to  have  two  instru- 
ments for  determining  a  star's  place ;  viz.,  a  transit  instrument 
to  determine  its  right  ascension,  and  a  mural  circle  to  determine 
its  declination.  The  German  astronomers  have,  however,  com- 
bined both  instruments  in  one,  under  the  name  of  meridian  circle, 
which  is  essentially  the  transit  instrument  already  described, 
with  a  leurge  graduated  circle  attached  to  its  axis.  Until  re- 
cently, the  English  astronomers  have  generally  contended  that 
this  combination  was  only  suited  to  instruments  of  moderate  di- 
mensions ;  but  a  large  transit  circle  has  lately  been  constructed 
for  GreenMrich  Observatory,  under  the  direction  of  Professor  Airy. 
The  telescope  has  an  aperture  of  eight  inches,  and  a  focal  length 
of  11^  feet.  The  length  of  the  axis  between  the  extremities  of 
the  pivots  is  six  feet,  and  the  diameter  of  each  pivot  is  six  inches. 
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The  circle  is  six  feet  in  diameter,  and  is  made  of  oast  iron.  Thb 
instrument  has  been  in  constant  use  since  the  commencement 
of  the  year  1851,  and  the  old  transit  instrument  and  mural  circle 
have  been  abandoned. 

(124.)  The  figure  on  the  opposite  page  represents  the  transit 
circle  belonging  to  the  observatory  at  Cambridge,  Massachusetts. 
The  telescope,  T,  has  an  object-glass  of  four  and  one  eighth  inch- 
es  aperture,  and  five  feet  focal  length.  The  length  of  the  axis 
between  the  shoulders  of  the  pivots  is  twenty-six  inches ;  the 
pivots  are  of  steel,  two  and  a  half  inches  in  diameter,  and  the 
same  in  length.  The  eye-piece  is  provided  with  two  microm- 
eters, one  having  a  vertical,  and  the  other  a  horizontal  move- 
ment. Besides  the  usual  mode  of  illuminating  the  field  through 
the  axis,  there  are  faciUties  for  illuminating  the  wires  in  a  dark 
field.  The  circles  are  four  feet  in  diameter,  being  cast  in  one 
piece,  and  are  both  graduated  on  silver,  from  0°  to  360^,  into 
five-minute  spaces.  There  are  eight  micrometer  reading  mi- 
croscopes, and  these  are  attached  immediately  to  the  granite 
piers  being  four  for  each  circle.  Four  of  these  microscopes  are 
seen  at  A,  B,  C,  and  D,  the  other  four  are  on  the  opposite  side  of 
the  piers.  These  microscopes  serve  to  bisect  diametrically  both 
circles.  The  five-minute  spaces  of  the  limbs  are  subdivided  by 
the  micrometers,  a  single  division  of  the  micrometer  head  being 
equal  to  one  second  of  arc,  and  may  be  read,  by  estimation,  to 
two  tenths  of  a  second.  The  arm,  E,  attached  to  the  pier,  sup- 
ports an  additional  microscope,  which  serves  as  a  pointer  to  in- 
dicate the  degrees  and  minutes  approximately.  There  are  fric- 
tion wheels  for  relieving  the  pressure  of  the  axis  pivots  upon  the 
Y's,  supported  by  plates  secured  to  the  piers. 

For  leveling  the  axis,  a  striding  level  is  employed,  which,  com- 
bined with  the  method  of  reflection  from  quicksilver  at  the  nadir 
point,  affords  an  independent  means  of  ascertaining  the  amount 
of  coUimation  of  the  mid  wire  without  reversal  of  the  pivots. 
There  is,  however,  apparatus  for  reversing  the  instrument. 

The  object-glass  is  by  Merz,  of  Munich ;  the  mounting  by 
Sinuns,  of  London. 

With  this  instrument  one  observer  can,  at  the  same  time,  de- 
termine both  the  right  ascension  and  declination  of  a  star  with 
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08  great  precision  as  it  can  be  done  by  two  observers  with  an 
ordinary  transit  instrument  and  a  mural  circle. 

Differences  of  declination  recorded  by  electro-magnetism, 
(125.)  Differences  of  declination  may  be  recorded  by  means 
of  electro-magnetism.  This  is  accomplished  by  inserting  in  the 
focus  of  the  meridional  telescope  two  systems  of  spider  lines, 
one  vertical,  and  the  other  inclined  at  an  angle  of  45°.  Let 
AB  represent  the  horizontal  wire  of  the 
transit  instrument,  DE  the  middle  vert- 
ical wire,  and  FGr  a  wire  inclined  to  the 
latter,  at  an  cmgle  of  45°.  Let  the  tele- 
scope  be  pointed  upon  a  star  as  it  ap- 
proaches the  meridian,  and  let  it  be  bi- 
sected by  the  wire  AB,  while  the  time  of 
passing  the  vertical  wire,  DE,  is  recorded. 
Let  the  telescope  remain  firmly  fixed  in  its  position,  and  sup- 
pose a  second  star  enters  the  field  at  H,  and  traverses  the  path 
HL.  Let  the  instants  of  passing  FGr  at  I,  and  DE  at  K,  be 
recorded.  Then,  if  the  angle  DCF  is  45°,  CK  (which  is  the 
difference  of  declination  of  the  two  stars)  will  be  equal  to  KL 
The  line  KI  is  measured  by  the  time  required  for  the  star  to 
describe  this  portion  of  its  path ;  and,  in  order  to  convert  the 
observed  time  into  arc  of  a  great  circle,  we  must  multiply  it  by 
fifteen  times  the  cosine  of  the  star's  declination,  according  to 
Art.  72.  If  a  third  star  enters  the  field  at  M,  and  crosses  the 
wire  DE  at  N,  and  FGr  at  0,  then  CN  is  the  difference  of  dec- 
lination of  the  first  and  third  stars;  and,  in  the  same  manner, 
by  observing  the  transits  of  any  number  of  stars  over  the  wires 
DE  and  FGr,  in  the  same  position  of  the  telescope,  we  shall  ob- 
tain their  differences  of  declination,  as  well  as  of  right  ascen- 
sion. In  order  to  diminish  the  errors  of  observation,  we  intro-  i 
duce  a  large  number  of  inclined  wires,  at  intervals  of  two  or 
three  seconds  from  each  other,  as  well  as  a  large  number  of 
vertical  wires ;  and  the  times  of  transit  over  each  system  of 
wires  are  recorded  by  electro-magnetism,  as  explained  in  Arti- 
cles 101-109. 

(126.)  This  method  is  well  adapted  to  the  construction  of  a 
catalogue  of  stars,  where  it  is  proposed  to  record  the  position  of 
every  star  within  the  range  of  the  telescope.     For  this  purpose 
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the  telescope  is  firmly  clamped,  and  remains  fixed  in  its  position 
during  the  observations  of  an  entire  evening  or  night,  while  the 
observer,  sitting  with  his  eye  at  the  telescope,  has  but  to  press 
his  finger  upon  a  key  at  the  instant  a  star  is  seen  to  pass  each 
wire  of  the  two  systems  already  mentioned.  The  annexed 
figure  represents  a  net- work  of  wires  adapted  to  this  mode  of 
observation.  The  wires  for  right  ascension  are  35  in  number, 
and  are  divided  into  groups  or  fas- 
cicles of  five  each,  the  interval  be- 
tween two  wires  being  from  two 
to  three  seconds.  To  complete  a 
set  of  observations  on  any  one  fas- 
cicle requires  only  from  eight  to 
ten  seconds.  The  vnres  for  differ- 
ences of  declination  are  also  35  in 
number,  and  are  arranged  in  groups 
of  five  each.  In  order  to  prevent 
any  confusion  between  observa- 
tions for  right  ascension  and  those  for  declination,  the  rule  is,  to 
observe  for  right  ascension  on  one  fascicle  of  vnies  first ;  then, 
by  a  telegraphic  symbol,  to  denote  the  magnitude  of  the  star ; 
and  afterward,  to  observe  it  on  a  fascicle  of  inclined  wires  for 
declination.  The  several  fascicles  are  distinguished  from  each 
other  by  the  inequalities  of  the  intervals. 


altitude  and  azimuth  instrument. 

(127.)  The  altitude  and  azimuth  instrument  consists  of  one 
graduated  circle  confined  to  a  horizontal  plane,  a  second  gradu- 
ated circle  perpendicular  to  the  former,  and  capable  of  being 
turned  into  any  azimuth,  and  a  telescope  firmly  fastened  to  the 
second  circle,  and  turning  with  it  in  altitude.  The  appearance 
of  this  instrument  will  be  learned  from  the  following  figure. 

EE  are  two  legs  of  the  tripod  upon  which  the  instrument 
rests ;  and,  in  close  contact  with  the  tripod,  is  placed  the  azi- 
muth circle,  FF.  One  of  the  foot  screws  has  a  contrivance  for 
giving  a  very  slow  motion  to  this  foot.  This  detached  piece 
stands  on  two  sharp  points,  besides  the  end  of  a  screw,  which, 
together,  form  an  isosceles  triangle,  having  a  gutter  in  which 
one  foot  of  the  tripod  rests ;  and  the  slowness  of  the  adjustment 


94 


Pbactioal  Astromoht. 


Altitude  and  Azimuth  Instrument.        95 

depends  on  the  distance  of  this  foot  firom  the  two  projecting  pins. 
This  leg  of  the  tripod  is  designed  to  be  placed  either  to  the  north 
or  sooth.  Above  the  a2dmnth  circle,  and  concentric  with  it,  is 
placed  a  strong  circular  plate,  Gr,  which  carries  the  whole  of  the 
iqiper  works,  and  also  a  pointer,  to  show  the  degree  and  nearest, 
five  minutes  to  be  read  off  on  the  azimuth  circle;  the  remain- 
ing minutes  and  seconds  being  obtained  by  means  of  the  two 
leading  microscopes,  C  and  D.  The  pillars  HH  support  the 
transit  axis,  I,  by  means  of  the  projecting  pieces,  LL.  The  tel- 
escope, HH,  is  connected  with  the  horizontal  axis  in  A  manner 
similar  to  that  of  the  transit  instrument.  Upon  the  axis,  as  a 
centre,  is  fixed  the  double  circle,  NN,  each  circle  being  placed 
dose  against  the  telescope.  The  circles  are  fastened  together 
by  small  brass  pillars,  and  the  graduation  is  made  on  a  narrow 
ring  of  silver,  inlaid  on  one  of  the  sides,  which  is  usually  termed 
the  face  di  the  instrument.  The  reading  microscopes,  AB,  for 
the  vertical  circle  are  carried  by  two  arms,  PP,  attached  near 
the  top  of  one  of  the  pillars. 

In  the  principal  focus  of  the  telescope  are  stretched  spider 
lines,  as  in  the  transit  instrument,  and  the  iUumination  is  ef- 
fected in  a  similar  manner. 

(12a)  Of  the  adjustments. 

The  horizontal  circle  is  first  to  be  leveled,  which  is  to  be  ef- 
fected in  the  same  manner  as  with  a  theodolite.  The  axis  of 
the  telescope  must  also  be  leveled,  as  in  the  transit  instrument, 
and  the  spider  lines  adjusted  for  ooUimatiun  and  verticality. 

The  meridional  point  on  the  azimuth  circle  is  its  reading 
when  the  telescope  is  pointed  north  or  south,  and  may  be  de- 
termined by  observing  a  star  at  equal  altitudes  east  and  west 
of  the  meridian,  and  finding  the  point  midway  between  the  two 
observed  azimuths;  or  the  instrument  may  be  adjusted  to  the 
meridian,  in  the  same  maimer  as  a  transit*  The  horizontal  / 
point  of  the  altitude  circle  is  its  reading  when  the  axis  of  the 
telescope  is  horizontal,  and  may  be  found,  as  vnth  the  mural 
circle,  by  alternate  observations  of  a  star  directiy  and  reflected 
from  the  surfieice  of  mercury. 

(129.)  This  instrument  has  the  advantage  over  the  transit 
instrument  and  mural  circle,  in  its  being  able  to  determine  the 
place  of  a  star  in  any  part  of  the  visible  heavens ;  but  we  ordi^ 
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narily  require  the  place  of  a  star  to  be  given  in  right  ascension 
and  declination,  and  not  in  altitude  and  azimath,  and  to  de» 
duce  the  one  from  the  other  requires  a  laborious  computation. 
Hence  the  altitude  eond  azimuth  instrument  is  but  little  used 
in  astronomical  observations,  except  for  special  purposes,  as,  for 
example,  to  investigate  the  laws  of  refraction. 

The  use  of  this  instrument  has,  however,  been  recently  re- 
vived at  the  Grreenwich  Observatory.  In  the  year  1847,  an  al- 
titude and  azimuth  instrument  was  erected,  having  its  horizon- 
tal  and  vertical  circles  each  three  feet  in  diameter.  The  length 
of  the  telescope  is  5  feet,  and  the  aperture  of  its  object  glass  3} 
inches. 

(130.)  The  leading  object  in  view  in  the  erection  of  this  in- 
strument was  to  obtain  observations  of  the  moon  in  portions  of 
her  orbit  where  she  could  not  be  observed  on  the  meridian.  It 
frequently  happens,  from  the  unfavorable  state  of  the  weather, 
that  the  moon  can  not  be  seen  when  she  is  on  the  meridian ; 
and  although  the  sky  may  be  perfectly  clear,  it  is  impossible  to 
see  the  moon  on  the  meridian  for  several  days  before  and  after 
her  conjunction  with  the  sun,  on  account  of  the  brightness  of  the 
solar  rays.  But  with  the  new  altitude  and  azimuth  instrument 
it  is  found  that  the  moon  may  be  observed  in  the  morning  and 
evening  when  she  is  only  an  hour  distant  from  the  sun.  In 
the  year  1851,  observations  of  the  moon  were  obtained  with  this 
instrument  on  206  days,  while  with  the  meridional  instruments 
it  was  only  observed  110  days.  Mr.  Airy  considers  these  results 
to  be  hardly,  if  at  all,  inferior  in  accuracy  to  those  obtained  by 
the  use  of  the  mural  circle. 

SEXTANT. 

(131.)  The  arc  of  a  sextant,  as  its  name  implies,  contains 
sixty  degrees,  but,  on  account  of  the  double  reflection,  is  divided 
into  120  degrees.  The  figure  on  the  opposite  page  represents  a 
sextant,  the  frame  being  generally  made  of  brass  or  other  hard 
metal;  the  handle,  H,  at  its  back,  is  made  of  wood.  When 
observing,  the  instrument  is  to  be  held  with  one  hand  by  the 
handle,  while  the  other  hand  moves  the  index,  Gr.  The  arc, 
AB,  is  divided  into  120  or  more  degrees,  numbered  from  A  to- 
ward  B,  and  each  degree  is  divided  into  six  equal  parts  of  10' 
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each,  while  the  vernier  shows  KX'.     The  divisions  are  also  con- 


tinned  a  short  distance  on  the  other  side  of  zero,  toward  A,  form- 
ing what  is  called  the  arc  of  excess.  The  microscope,  M,  is 
movable  about  a  centre,  and  may  be  adjusted  to  read  off  the  di- 
visions on  the  graduated  limb.  A  tangent  screw,  D,  is  fixed  to 
the  index,  for  the  purpose  of  making  the  contacts  more  accu- 
rately than  can  be  done  by  hand.  When  the  index  is  to  be 
moved  any  considerable  distance,  the  screw  I  must  be  loosened ; 
and  when  the  index  is  brought  nearly  to  the  required  division, 
the  screw  I  must  be  tightened,  and  the  index  be  moved  gradual- 
ly by  the  tangent  screw.  The  upper  end  of  the  index,  Gr,  term- 
inates in  a  circle,  across  which  is  fixed  the  silvered  index-glass, 
C,  over  the  centre  of  motion,  and  perpendicular  to  the  plane  of 
the  instrument.  To  the  frame,  at  N,  is  attached  a  second  glass, 
called  the  horizon-glass,  the  lower  half  of  which  only  is  silvered. 
This  must  also  be  perpendicular  to  the  plane  of  the  instrument, 
and  in  such  a  position  that  its  plane  shall  be  parallel  to  the 
plane  of  the  index-glass,  C,  when  the  vernier  is  set  to  zero  on , 
the  limb  AB. 

The  tdesoopci  T,  is  carried  by  a  ring,  K,  attached  to  a  stem, 
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which  can  be  raised  or  lowered  by  turning  a  milled  screw.  Its 
use  is  to  place  the  telescope  so  that  the  field  of  view  may  be  bi- 
sected by  the  line  on  the  horizon-glass  that  separates  the  silver- 
ed from  the  unsilvered  part.  In  the  telescope  are  placed  two 
wires,  parallel  to  each  oiher,  and  equidistant  firom  the  centre  of 
the  telescope. 

Four  dark  glasses  of  different  depths  of  shade  and  color  are 
placed  at  F,  between  the  index  and  horizon  glasses ;  also  three 
more  at  E,  any  one  or  more  of  which  can  be  turned  down,  to 
moderate  the  intensity  of  the  light  before  reaching  the  eye, 
when  a  bright  object,  as  the  sun,  is  observed. 

(132.)  The  principal  adjustments  of  the  sexteuit  are  the  fol- 
lowing : 

1.  To  make  the  index-glass  perpendicular  to  the  plane  of 
the  sextant. 

Move  the  index  forward  to  about  the  middle  of  the  limb ; 
then,  holding  the  instrument  with  the  divided  limb  from  the  ob- 
server, and  the  index-glass  to  the  eye,  look  obliquely  down  the 
glass,  so  as  to  see  the  circular  arc  by  direct  vision  and  by  reflec- 
tion in  the  glass  at  the  same  time ;  and  if  they  appear  as  one 
continued  arc  of  a  circle,  the  index-glass  is  adjusted.  If  it  re- 
quires correcting,  the  arc  will  appear  broken  where  the  reflected 
and  direct  parts  of  the  limb  meet.  As  the  glass  is,  in  the  first 
instance,  set  right  by  the  maker,  and  firmly  fixed  in  its  place, 
its  position  is  not  liable  to  alter,  except  by  violence ;  and  there- 
fore no  direct  meamrare  Supplied  for  its  adjustment. 

2.  To  set  the  horizon-glass  perpendicular  to  the  plane  of  the 
sextant. 

Screw  in  the  telescope,  T,  and  point  it  toward  a  star.  Move 
the  index  arm  backward  and  forward  past  the  zero  of  the  limb, 
and  if  the  two  images  of  the  star  do  not  exactly  coincide  in  pass- 
ing one  another,  turn  a  screw  at  the  top  or  bottom  of  the  hori- 
zon-glass, N,  until  this  coincidence  is  effected. 

3.  To  find  the  index  error. 

When  the  zero  on  the  index  is  set  to  zero  on  the  limb,  the 
horizon  and  index  glasses  should  be  parallel ;  and  if  the  tele- 
•soope  be  directed  to  a  star,  the  two  images  should  exactly  coin- 
dide.  If  the  two  images  do  not  coincide,  this  deviation  consti- 
tutes what  is  called  the  index  error.     The  isimount  of  the  index 
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error  may  be  fonnd  in  the  following  manner :  Clamp  the  index 
at  about  30  minutes  to  the  left  of  zero,  and,  looking  toward  the 
sun,  the  two  images  will  appear  either  nearly  in  contact,  or  over- 
lapping each  other.  Then  perfect  the  contact  by  moving  the 
tangent  screw,  and  call  the  minutes  and  seconds  denoted  by  the 
vernier,  the  reading  on  the  arc.  Next  place  the  index  about  the 
same  quantity  to  the  right  of  zero,  or  on  the  arc  of  excess,  and 
make  the  contact  of  the  two  images  perfect,  as  before,  and  call 
the  minutes  and  seconds  on  the  arc  of  excess,  the  reading  off  Hie 
arc.  Half  the  difference  of  these  numbers  is  the  index  error ; 
additive  when  the  reading  on  the  arc  of  excess  is  greater  than 
that  on  the  limb,  and  subtractive  when  the  contrary  is  the  case. 

Example. 

Reading  on  the  arc 31^  66'" 

Reading  off  the  arc 31  22 

Difference 0^  2^'' 

Index  error i^-^O^l?'" 

In  this  case,  the  reading  on  the  arc  being  greater  than  that 
on  the  arc  of  excess,  the  index  error  (17^'')  must  be  subtracted 
from  all  observations  taken  with  the  instrument,  until  it  is  found, 
()y  a  similar  process,  that  the  index  error  has  changed. 

4.  To  set  the  axis  of  the  telescope  parallel  to  the  plane  of  the 
teoctant. 

There  are  two  parallel  wires  on  opposite  sides,  and  equidis- 
tant from  the  centre  of  the  field  of  the  telescope,  and  these  are 
usually  crossed  by  two  others.  Turn  either  pair  around  until 
they  are  parallel  to  the  plane  of  the  instrument.  Select  two 
stars  distant  from  each  other  90°  or  more,  and  bring  them  into 
contact  just  at  the  wire  of  the  telescope  which  is  nearest  the 
plane  of  the  sextant  Fix  the  index,  and  alter  the  position  of 
the  instrument  so  as  to  make  the  objects  appear  on  the  other 
wire.  If  the  contact  still  remains  perfect,  the  axis  of  the  tele- 
scope is  in  proper  adjustment ;  if  not,  it  must  be  altered  by 
moving  the  two  screws  which  fasten,  to  the  up-and-down  piece, 
the  collar  into  which  the  telescope  screws.  This  adjustment  is 
not  very  liable  to  be  deranged. 

(133.)  To  measure  the  altitude  of  the  sun  by  reflection  from 
mercury. 
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Set  the  index  near  zero.  Hold  the  instrument  with  the  right 
hand  in  the  vertical  plane  of  the  sun,  toward  which  the  tele- 
scope should  be  pointed.  Two  images  will  be  seen  in  the  field 
of  view,  one  of  which,  viz.,  that  formed  by  reflection,  will  ap- 
parently move  downward  when  the  index  is  pushed  forward. 
Follow  the  reflected  image  as  it  travels  downward,  until  it  ap- 
pears to  be  as  far  below  the  horizon  as  it  was  at  first  above,  and 
the  image  of  the  sun,  reflected  from  the  mercury,  also  appears 
in  the  field  of  view.  Fasten  the  index,  and,  by  means  of  the 
tangent  screw,  bring  the  upper  or  lower  limb  of  the  sun's  im- 
age, reflected  from  the  index-glass,  into  contact  with  the  oppo- 
site limb  of  the  image  reflected  from  the  artificial  horizon,  taking 
care  that  the  images  shall  be  midway  between  the  parallel  wires. 
The  angle  shown  on  the  instrument,  when  corrected  for  the  in- 
dex error,  will  be  double  the  altitude  of  the  sun's  limb  above  the 
horizontal  plane ;  to  the  half  of  which,  if  the  semidiameter,  re- 
fraction, and  parallax  be  applied,  the  result  will  be  the  true  alti- 
tude of  the  centre. 

In  making  this  observation,  the  observer  should  move  the  in- 
strument round  to  the  right  and  left  a  little,  making  the  axis 
of  the  telescope  the  centre  of  motion.  By  this  movement,  the 
image  reflected  from  the  index-glass  may  be  made  to  sweep  the 
arc  of  a  circle,  and  will  pass  and  repass  the  image  seen  in  the 
mercury.  The  altitude  of  a  star  can  be  measured  in  the  same 
way  as  the  sun,  but  in  this  case  there  will  be  no  correction  for 
parallax  or  semidiameter  to  be  applied. 

(134.)  To  take  an  altitude  of  the  sun  by  means  of  the  nat' 
ural  horizon. 

If  the  observer  is  at  sea,  the  natural  horizon  must  be  employed. 
Direct  the  sight  to  that  part  of  the  horizon  beneath  the  sun,  and 
move  the  index  till  you  bring  the  image  of  its  lower  limb  to 
touch  the  horizon  directly  underneath  it ;  but  as  this  point  can 
not  be  exactly  ascertained,  the  observer  should  move  the  instru- 
ment round  to  the  right  and  left  a  little,  making  the  axis  of  the 
telescope  the  centre  of  motion.  By  this  means  the  sun  will  ap- 
pear to  sweep  the  horizon,  and  must  be  made  to  touch  it  at  the 
lowest  point  of  the  arc. 

(135.)  To  find  the  distance  between  the  moon  and  sun^  or 
between  the  moon  and  a  star. 
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Hold  the  sextant  so  that  its  plane  may  pass  through  the  sun 
and  moon.  If  the  sun  be  to  the  right  hand  of  the  moon,  the 
sextant  is  to  be  held  with  its  face  upward ;  if  to  the  left  hand, 
the  face  is  to  be  held  downward.  With  the  instrument  in  this 
position,  look  directly  at  the  moon  through  the  telescope,  and 
move  the  index  forward  till  the  sun's  image  is  brought  nearly 
into  contact  with  the  moon's  nearest  limb.  Fix  the  index  by 
the  screw  under  the  sextant,  and  make  the  contact  perfect  by 
means  of  the  tangent  screw.  At  the  same  time,  move  the  sex- 
tant slowly,  making  the  axis  of  the  telescope  the  centre  of  mo- 
tion ;  by  which  means  the  objects  will  pass  each  other,  land  the 
contact  be  more  accurately  made ;  observing  that  the  point  of 
contact  of  the  limbs  must  always  be  observed  in  the  middle, 
between  the  parallel  wires.  The  index  will  then  point  out  the 
distance  of  the  nearest  limbs  of  the  sun  and  moon.  In  a  simi- 
lar  manner  may  we  measure  the  distance  between  the  moon 
and  a  star. 


PBISMATIC    SEXTANT    OF    PIS- 
TOR    AND    MARTINS. 

(136.)  A  new  form  of  sex- 
tant, constructed  by  Pistor 
and  Martins,  Berlin,  Prus- 
sia, is  represented  in  the  an- 
nexed figure.  It  differs  in 
several  important  particu- 
lars from  the  common  sex- 
tant. 

1.  It  measures  an^  angle 
up  to  180°.  Hence  double 
altitudes  of  objects  near  the 
zenith  can  be  taken  with 
it  The  common  sextant  is 
limited  to  about  60°  as  the 
maximum  of  altitude.  The 
limb  of  the  instrument  is 
one  third  of  a  circle,  and 
is  graduated  from  zero,  to- 
ward the  left,  up  to  140°, 
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like  other  sextants.  The  graduation  stops  at  140^,  beoause  near 
this  point  the  prism  B  interferes  with  the  rays  which  should 
reach  the  mirror  A  from  the  object ;  and  beyond  140^  the  ob- 
ject becomes  invisible  in  this  position  of  the  sextant. 

For  angles  greater  than  140^,  the  graduation  begins  again  at 
the  left  extremity  of  the  limb  with  110^,  and  increases  toward 
the  right  up  to  180°.  When  an  observation  is  made  on  this 
part  of  the  limb,  the  face  of  the  sextant  is  turned  in  the  contrary 
direction  from  what  it  had  in  the  former  observations,  and  the 
prism  B  no  longer  interferes  with  vision.  But  near  180°  the 
head  of  the  observer  obstructs  the  rays  from  the  object ;  to  ob- 
viate which  inconvenbnce,  a  dicigonal  eye-prism,  £,  is  adapted 
to  the  eye-piece  of  the  telescope,  to  be  used  in  measuring  angles 
near  180°. 

2.  In  place  of  the  common  horizon-glass  is  substituted  a  recU 
angular  prism j  B,  the  diagonal  face  of  it  forming  a  mirror,  as 
explained  in  Art.  12. 

3.  Rays  from  the  object  seen  directly,  come  to  the  telescope 
without  passing  through  any  medium,  such  as  the  unsilvered 
part  of  an  horizon-glass.  Both  the  reflected  and  direct  images 
are  much  better  defined  than  is  usual  in  other  instruments. 

4.  The  index  mirror y  A,  is  so  attached  as  to  admit  of  ready 
reversal  for  determining  the  error  arising  from  want  of  parallel- 
ism of  its  surfaces.  Unlike  other  sextants,  it  receives  the  rays 
of  light  most  obliquely  when  the  index  is  at  zero.  In  measur- 
ing large  angles  there  is  no  confusion  or  multiplicity  of  images, 
and  objects  appear  distinct  and  well-defined  in  every  position 
of  the  index-glass. 

5.  The  colored  glasses,  C,  which  are  semicircleSj  are  placed 
between  the  telescope  and  horizon-glass,  and  are  attached  to  an 
axis,  admitting  of  easy  reversal.  By  this  contrivance  the  effect 
of  any  want  of  parallelism  in  their  surfaces  is  entirely  obviated. 

6.  A  revolving  disk,  containing  several  colored  glasses  of  dif- 
ferent shades,  is  adapted  to  the  eye  end  of  the  telescope,  to  be 
used  in  taking  double  altitudes  of  the  sun. 

7.  The  instrument  here  described  is  6  inches  radius,  and  the 
vernier  reads  to  10'^  The  graduation  is  very  clear,  and  the  ar* 
rcmgement  of  the  reading  microscope  and  ground-glass  screen 
(omitted  in  the  figure)  such  that  the  divisions  are  nearly  as 
eesily  read  by  lamplight  as  by  daylight 
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repeating  circle. 


(137.)  The  repeating  oirole  bears  some  resemblance  to  the  al- 
titade  and  azimuth  instroment  described  on  page  93,  bat  it  has 
some  peculiarities  of  construction,  and  the  mode  of  using  it  is 
peculiar.     The  following  figure  represents  a  repeating  circle,  as 


employed  by  Borda.  The  instrument  rests  upon  a  strong  tripod, 
witfi  feet  screws,  AAA ;  and  a  steel  spindle,  about  15  inches 
long,  has  one  end  inserted  into  the  middle  of  the  tripod,  to  which 
it  is  perpendicular.  A  hollow  brass  pillar,  D,  tums  freely  round 
this  spindle,  and  sustains  the  weight  of  the  upper  circle,  with 
its  telescopes. 
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The  azimuth  circle,  BB,  is  connected  with  the  pillar,  and  re- 
volves with  it,  while  the  divisions  are  read  by  a  vernier  attached 
to  the  tripod.  A  screw  apparatus  at  C,  attached-  to  one  of  the 
branches  of  the  tripod,  clamps  the  azimuth  circle,  or  aUows  it  a 
quick  or  slow  motion  at  pleasure. 

To  the  top  of  the  pillar,  D,  is  fixed  a  horizontal  brass  bar, 
with  two  supporters  at  right  angles  to  it,  in  the  tops  of  which  are 
centered  the  ends  of  a  horizontal  axis,  round  which  the  whole  of 
the  upper  part  of  the  instrument  may  be  turned,  so  as  to  bring 
the  plane  of  the  circle  into  any  position  which  may  be  required. 
The  centre  work  of  the  upper  circle,  EE,  is  made  fast  to  the 
middle  of  the  horizontcd  axis,  which  it  crosses  at  right  angles  ; 
and  at  its  remote  end  is  placed  a  counterpoise,  which  balances 
the  circle  and  telescopes.  The  circle,  EB,  has  an  index  with 
four  branches,  whose  verniers  subdivide  the  circle  to  l(y\ 

The  instrument  has  two  telescopes,  GrGr',  HH',  one  in  front 
of  the  circle  and  the  other  behind  it ;  and  parallel  to  the  latter 
is  placed  the  level,  K.  The  front  telescope  moves  freely  on  a 
spindle,  within  the  axis  of  the  circle.  The  back  telescope  is  a 
little  below  the  axis  of  the  circle,  while  the  level  is  a  little  above 
it,  and  both  revolve  on  a  collar  which  works  on  the  outside  of 
that  axis.  These  can  be  fixed  in  any  position  by  a  clamp,  which 
embraces  the  back  edge  of  the  circle.  The  circle  turns  freely 
about  its  axis,  carrying  telescopes,  level,  etc.,  vrithout  altering 
their  position  in  respect  to  itself.  There  is  a  clamp  for  fixing 
the  circle,  and  a  tangent  screw  for  slow  motion. 

(138.)  By  means  of  the  two  motions  round  a  vertical  and  hori- 
zontal axis,  the  plane  of  the  circle 
may  be  made  to  pass  through 
any  two  points  whose  angular 
^^&  distance  is  required  to  be  meas- 
ured. Let  P  and  S  represent 
two  objects  whose  distance  fix)m 
each  other  is  tolbe  measured,  euid 
let  GrNH''  represent  the  circle  ad- 
justed,  so  that  its  plane  passes 
through  them.  Fix  the  front 
telescope,  HH%  at  the  zero  of  the  graduation  in  H,  and  turn  the 
circle  about  its  axis  until  the  telescope  HH^  is  directed  exactly 
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upon  the  object  S.     Clamp  the  circle  in  this  position,  and  point 
the  back  telescope,  GGH',  upon  the  object  P.     The  angle  PCS 
will  be  measured  by  the  arc  G-H,  intercepted  between  the  lines 
CP  and  CS.     Unclamp  the  circle,  and  turn  it  until  the  back 
telescope,  GrGr^,  is  pointed  toward  S.     The  front  telescope  will 
now  come  into  the  position  CL ;  the  zero  of  the  graduation, 
which  was  before  at  H,  will  be  removed  to  L.     Again  clamp  the 
circle,  release  the  front  telescope,  and  direct  it  toward  the  object 
P.     The  arc  GrHL  will  be  twice  the  arc  required  to  be  measured. 
Repeat  this  double  observation,  starting  again  from  the  point  Gr ; 
that  is,  turn  the  circle  with  its  two  telescopes  until  the  front  tel- 
escope is  pointed  upon  the  object  S.     The  zero  of  the  graduation 
will  now  be  found  at  M.     Detach  the  back  telescope,  and  point 
it  again  upon  the  object  P ;  the  arc  G-M  will  be  three  times  the 
arc  GH.     Unclamp  the  circle,  and  turn  it  until  the  back  tele- 
scope is  pointed  upon  S ;  the  zero  of  the  graduation  will  now  be 
found  at  N.    Again  clamp  the  circle,  release  the  front  telescope, 
and  direct  it  toward  the  object  P.     The  arc  GN,  which  may  be 
read  upon  the  limb,  will  be  four  times  the  arc  required.     By  re- 
peating the  observation  ten  times,  we  shall  obtain  ten  times  the 
angle  sought.     It  is  not  necessary  to  read  the  graduation  after 
each  observation ;  it  is  sufficient  to  read  the  resulting  arc  after 
the  observations  are  concluded,  and  divide  the  final  arc  by  the 
number  of  observations. 

(139.)  Suppose  these  ten  observations  should  bring  the  front 
telescope  back  to  the  zero  of  the  graduation  from  which  we 
started,  then  each  arc  would  be  equal  to  36^ ;  and  this  result 
would  not  be  affected  by  any  error  in  the  graduation  of  the  cir- 
cle. It  is  not  to  be  expected  that  the  telescope  will,  in  practice, 
be  brought  round  exactly  to  the  zero ;  but  it  should  be  brought 
round  as  near  to  zero  as  can  be  done  by  the  continued  repeti- 
tion of  the  angle  PCS ;  then,  dividing  the  result  by  the  number 
ot  repetitions,  the  effect  of  any  error  in  the  graduation  of  the 
circle  will  be  greatly  diminished,  if  not  entirely  destroyed. 

In  a  similar  manner  may  the  zenith  distance  of  any  celestial 
body  be  measured,  by  employing  the  spirit-level  attached  to  the 
back  telescope  to  indicate  a  horizontal  line. 

(140.)  The  chief  advantage  contemplated  in  the  invention  of 
the  repeating  circle  was  the  annihilation  of  errors  of  graduation ; 
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but  the  great  improvements  whioh  have  been  made  in  recent 
years  in  graduating  circles  have  rendered  this  an  object  of  minor 
importance,  while  this  instrument  is  liable  to  some  serious  errors 
of  its  own,  so  that  the  repeating  circle  is  at  present  much  less 
used  than  formerly. 


CHAPTER  IV. 


THE  DIURNAL  MOTION. 

(141.)  If,  upon  a  clear  evening,  we  carefully  watch  the  ap- 
pearance of  the  heavenly  bodies  for  a  sufficient  period,  we  shall 
find  that  they  slowly  change  their  places  with  respect  to  the  ho- 
rizon. Each  star  appears  to  describe,  as  far  as  its  course  lies 
above  the  horizon,  a  circle  in  the  sky ;  but  these  circles  are  not 
all  of  the  same  magnitude.  The  apparent  relative  situations  of 
the  stars  among  each  other  remain  unchanged;  but  all  the 
stars  seem  to  revolve  with  a  uniform  motion  from  east  to  west, 
as  if  they  were  attached  to  the  internal  surface  of  a  vast  hollow 
sphere,  having  the  spectator  in  its  centre,  and  turning  around 
an  axis  inclined  to  the  horizon,  so  as  to  pass  through  a  fixed 
point  called  the  pole.  This  apparent  rotation  of  the  heavens  is 
called  the  diurnal  motion. 

(142.)  Let  C  be  the  place  of  the  spectator,  Z  his  zenith,  and 
N  his  nadir.  Let  PCP^  be  the 
axis  about  which  the  diurnal 
motion  is  itj^rently  performed, 
F  the  elevated  pole,  and  P^  the 
depressed  pole  of  the  heavens. 
Then  HMO,  a  great  circle  of  the 
sphere,  whose  poles  are  Z  and  N, 
will  be  his  celestial  horizon,  PO 
will  be  the  altitude  of  the  pole, 
OPZEH  will  be  his  meridian; 
and  ELQ,,  a  great  circle  perpen- 
dicular to  PP^,  will  be  the  celestial  equator.  Also,  if  S  repre- 
8wits  the  position  of  any  star,  and  PSP^  be  a  great  circle  passing 
through  it,  then  LS  will  be  the  declination,  and  PS  the  polar 
distance  of  the  star,  and  BSD  will  be  the  diurnal  circle  it  will 
appear  to  describe  about  the  pole.  0  and  H  are  the  north  and 
south  points,  e  and  w  are  the  east  and  west  points  of  the  hori- 
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zon.  Also,  if  we  draw  the  vertical  circle  ZSMN,  OM  will  be 
the  azimuth  of  the  star,  reckoned  from  the  north  point,  MS  its 
altitude,  and  ZS  its  zenith  distance. 

The  angle  ZPS,  which  the  circle  PSP^  makes  with  the  me- 
ridian PZP^  is  caUed  the  hour  angle  of  the  star  S» 

(143.)  The  circles  thus  drawn  form  a  number  of  spherical 
triangles,  the  relations  of  whose  sides  and  angles  may  be  de- 
termined  by  spherical  trigonometry.  When  the  place  of  only 
one  celestial  object  on  the  sphere  is  concerned,  it  may  be  de- 
termined from  the  triangle  PZS. 

In  the  triangle  PZS,  Z  represents  the  zenith,  P  the  elevated 
pole,  and  S  the  star,  sun,  or  other  celestial  object.  In  this  tri- 
angle the  sides  are,  1st  PZ,  which,  being  the  complement  of 
PO,  the  altitude  of  the  pole,  is  the  complement  of  the  latitude 
of  the  place,  and  is  called  the  co-latitude ;  2d.  PS,  the  polar 
distance,  or  the  complement  of  the  declination  of  the  star ;  and, 
3d.  ZS,  the  zenith  distance,  which  is  the  complement  of  the  al- 
titude of  the  star.  If  the  object  be  situated  on  the  side  of  the 
equator  opposite  to  that  of  the  elevated  pole,  PS  will  be  greater 
than  90°. 

In  the  same  triangle  the  angles  are,  Ist.  ZPS,  the  hour  angle 
of  the  star  from  the  meridian;  2d.  PZS,  which  is  the  azimuth 
of  the  star  measured  from  the  north  point,  and  is  the  supplement 
of  HZS,  the  azimuth  measured  from  the  south  point ;  and,  3d. 
The  angle  PSZ,  which  is  called  the  parallactic  angle. 

The  sides  and  angles  of  this  triangle,  therefore,  represent  the 
following  six  astronomical  magnitudes :  1st.  The  co-latitude  of 
the  place  of  observation ;  2d.  The  polar  distance  of  the  star ; 
3d.  Its  zenith  distance ;  4th.  Its  hour  angle ;  5th.  Its  azimuth 
from  the  north  point ;  and,  6th.  Its  parallactic  angle ;  and  when 
any  three  of  these  magnitudes  are  given,  the  others  may  be . 
r  omputed. 

Problem. 

(144.)  To  find  the  altitude^  azimuth^  and  parallactic  angle 
of  a  star  J  its  polar  distance  and  hour  angle  being  given^  as 
well  as  the  latitude  of  the  place. 

Let  P  be  the  pole,  Z  the  zenith,  S  the  place  of  the  star,  and 
HO  the  horizon. 
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Then 
PO=the  latitude,  which  we 

will  represent  by  0 ; 
PZ=the  co-latitude=9O°-0; 
PS = the  polar  distance  of  the 
star; 

=900— (J,  -where  6  represents  the  star's  declination ; 
ZS= zenith  distance  of  the  star,  which  we  represent  by  Z ; 
ZPS=the  star's  hour  angle,  which  we  represent  by  P ; 
PZS=the  azimuth  of  the  star,  counted  from  north,  which  we 

represent  by  A. 
In  the  sphericcd  triangle,  PZS,  are  given  two  sides,  PS  and 
PZ,  with  the  included  angle,  to  find  the  other  parts. 

Let  fell  the  perpendicular  SM  upon  PZH  ;  tiien,  by  Napier's 
rule, 

R.  COS.  P=tang.  PM  cot.  PS. 
Therefore,        tang.  PM=cos.  P  tang.  PS 

=cos.  P  cot.  d (1) 

But  ZM=PM-PZ 

=PM+0-9O^. 
Then,  by  Trig.,  Art  216, 

sin.  PM  :  sin.  ZM ::  tang.  SZM  :  tang.  SPM ; 
that  is,    sin.  PM  :  cos.(PM +<t>)::  tang.  A :  tang.  P ; 

;:oot.  P:cot.  A (2) 

Also,  Trig.,  Art.  216, 

COS.  PM  :  COS.  ZM ::  cos.  SP  :  cos.  SZ ; 

that  is,     COS.  PM  :  sin.(PM+0)  ::sin.  d :  cos.  Z (3) 

Also,    sin.  ZS :  sin.  P ::  sin.  PZ  :  sin.  PSZ ; 
that  is,     sin.  Z  :  sin.  P ::  cos.  0  :  sin.  parallactic  angle   .  (4) 

When  the  star  has  south  declination,  cot.  6  in  Eq.  1  will  be 
negative,  and  PM  must  be  taken  in  the  second  quadrant. 

Ex.  1.  Find  the  altitude,  azimuth,  and  parallactic  angle  of 
AJdebaran  (Deo.  16°  13^  N.),  to  an  observer  at  New  York, 
latitude  40°  42'  N.,  when  the  star  is  three  hours  east  of  the 
meridian. 
By  equation  (1), 

COS.  45°  =9.849485 

oot.  16°  13^  =0.536342 

PM=x     67°  28' SV  tang.=0.385827 
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By  equation  (2), 

PM+0=  108°  20' 31"      co8.=9.497879 

cot.  P=O.O0C00O 

cosec.PM= 0.033941 

Azimuth=S,  71°  12'  30"  E.  oot.=9.531820 

By  equation  (3), 

sin.  (PM+9)=9.977356 

sin.  (J= 9.446025 

sec.  PM= 0.419767 

Zenith  distance  =     45°  49'  27"       cos. = 9.843148 

or       Altitude  =     44°  10' 33" 

By  equation  (4), 

sin.  450=9.849485 
COS.  0=9.879746 
cosec.  Z=0.144357 
Parallactic  angle=     48°  22'  sin. = 9.873588 

Ex.  2.  Find  the  altitude  and  azimuth  of  Regulus  (Dec.  12^ 
42'  N.),  to  an  observer  at  Washington,  latitude  38°  63'  N.,  when 
the  hour  angle  of  the  star  is  3h.  15m.  20s.  W. 

Am.  Its  altitude  =     39^  38'    0", 

azimuth=S.  72°  28'  14"  W. 
Ex.  3.  Find  the  altitude  and  azimuth  of  Fomalkaut  (Dec. 
30°  25'  S.),  to  an  observer  at  Cambridge,  latitude  42°  22^  N., 
when  the  hour  angle  of  the  star  is  2h.  5m.  36s.  E. 

Ans.  Its  altitude  ==      11°  41'  37'', 
azimuth =S.  27°  18'  40"  E. 
Ex.  4.  Find  the  altitude  and  azimuth  of  a  UrssB  Hajoris 
(Dec.  62°  33'  N.),  to  an  observer  at  Philadelphia,  latitude  39*^ 
57'  N.,  when  the  hour  angle  of  the  star  is  6h.  17m.  40s.  E. 

Am.  Its  altitude  =      39°  24', 

azimuth=N.  35°  54'  E. 
(145.)  When  only  the  parallactic 
angle  is  required,  it  may  be  com- 
puted without  finding  the  altitude 
or  azimuth,  as  follows : 

Draw  ZN  perpendicular  to  PS, 
and  represent  PN  by  x.     Then,  by  Napier's  rule, 
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R.  COS.  P=tang.  PN  oot.  PZ, 

or  COS.  P=taiig.  x  tang.  <t> ; 

that  is,  tang.  a;=cos.  P  cot  <t>  .  . (1) 

Again,  by  Spher.  Trig.,  Art.  216, 

sin.  NS:  sin.  PN  ::tang.  P:tang.  S, 

sin.  PN  tang.  P    sin.  x  tang.  P         ,^.    • 

or     tang.  par.  ang.= : — ^^ — = — -^r—  .  .  (2) 

e  r      ~e>  sin.  NS  cos.{x+6)  ^  ' 

Example.  Required  the  parallactic  angle  for  Washington  Ob- 
servatory, latitode  38^  SS'  33^^  the  moon's  hour  angle  being  50^^ 
and  Declination  21^  N. 

By  formula  (1), 

oot.  <^= 0.093297 

COS.  P= 9.808067 

rc=38o  32"  55^"  tang. =9.901364 

By  formula  (2), 

sin.a;=9.794612 

tang.  P= 0:076186 

sec.  59^  32"  65""         =0.295157 

Par.  angle=55o  41"  24""  tang. =0.165955 

As  th^  parallactic  angle  is  frequently  required  in  many  com- 
putations, Table  XYII.  has  been  constructed  for  Washington  Ob- 
servatory by  the  preceding  method,  except  that  instead  of  the 
geographical  latitude,  the  geocentric  latitude,  38^  42"  25"",  has 
been  used.     See  Art.  208. 

(146.)  Corollary.  By  the  same  method  we 
may  compute  the  distance  between  two  stars 
whose  right  ascensions  and  declinations  are 
known. 

Let  P  be  the  pole,  and  S  and  S"  two  stars 
whose  places  are  known.  Then  PS  and  PS'  will 
represent  their  polar  distances,  and  SPS"  will  be 
the  difference  of  their  right  ascensions.  Draw 
SM  perpendicular  to  PS"  produced.     Then 

R.  COS.  P=tang.  PM  cot.  PS. 

Therefore,       tang.  PM = cos.  P  tang.  PS. 

Also,  S"M=PM^PS". 

And        COS.  PM :  cos.  S"M ::  cos.  PS :  cos.  S"S. 

Ex.  1.  Required  the  distance  from  Aldebaran,  Rr^  A.  4h.  27m. 
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25.94s.,  Polar  distance  73^  AT  33^^3,  to  Sinus,  R.A.  6h.  38ia 

37.62s.,  Polar  distance  106°  31^  l-'^.S. 

P=2h.  11m.  11.68s.  =  32°  47^  55^^2  cos. =9.9245786 

PS=106o3r    V'.8  tang.=0.5279175 

PM = 109<^  25'  54^^55  tang. = 0.4524961 
PS'=  73°  47^  33'^3 

S'M=  35o38'2r^25  cos. =9.9099313 

PS=106o3r    V\8  oos.=9.4537809 

PM=109o  25' 54^^55  sec. =0.4779669 

SS'=  46^    (y  42''.3  .  cos.=9.8416791 

Ex.  2.  Required  the  distance  from  Regulus,  R.  A.  lOh.  Om. 
29.11s.,  Polar  distance  77°  18'  41".4,  to  Antares,  R.  A.  16h. 
20m.  20.35s.,  Polar  distance  116°  5'  55".5. 

Ans.  990  55'  44".9. 

Problem. 

(147.)  To  find  the  altitude  and  azimuth  of  a  star  when  it 
is  six  hours  from  the  meridian. 

If  the  star  S  be  six  hours  from  the 
meridian,  then  the  angle  ZPS=90^ ; 
the  hour  circle,  PE,  intersects  the 
horizon  in  the  east  point,  E ;  and 
the  angle  PEO  is  equal  to  the  lati- 
"o  tude  of  the  place.  Draw  the  verti- 
cal circle  ZSM.  Then,  in  the  right-angled  spherical  triangle 
ESM,  by  Napier's  rule, 

R.  sin.  SH=sin.  E  sin.  ES; 

that  is,  sin.  altitude=8in,  0  sin.  6 (1) 

Also,                  R.  COS.  E  =tang.  EM  cot.  ES ; 
that  is,                tang.  EM.=tang.  ES  cos.  E, 
or  cotang.  azimuth^tang.  6  cos.  <p (2) 

Ex.  1.  In  Lat.  41^  18'  N.,  when  the  sun  has  18^  25'  N.  decli- 
nation,  what  is  his  altitude  and  azimuth  at  six  o'clock  in  the 
morning  ? 

By  formula  (1), 

sin.  41^18'  =9.819545 

sin.  18°  25'  =9.499584 

Altituderi.     12°    2'  6"      sin.  =-0.319129 
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By  formula  (2), 

tang.  18^25'  =9.522417 

COS.  41°  18'  =9.875793 

Azimuth=N.  75^  57'  19''  E.  oot.=9.398210 

Ex.  2.  Find  the  altitade  and  azimuth  of  Regulus  (Dec.  12^ 
42'  N.)  to  an  observer  at  Philadelphia,  Lat  39o  57'  N.,  when  the 
star  is  six  hours  past  the  meridian. 

iliw.  Its  altitude=        8^    6' 56", 

azimuth=N.  80°  11'  54"  W. 

Ex,  3.  Find  the  altitude  and  azimuth  of  Capella  (Dec.  45^ 
SC  N.)  to  an  observer  at  Cambridge,  Lat  42°  22'  N.,  six  hours 
before  the  star  comes  to  the  meridian. 

Ans.  Its  altitude=     28°  54'  23", 
azimuth=N.  52°  44'  28"  E. 

Problem. 

(148.)  To  find  the  altitude  and 
hour  angle  of  a  star  when  it  is  upon 
the  prime  vertical. 

Let  ZSE  be  the  prime  verticcd, 
and  S  the  position  of  the  star.  Draw 
the  hour  circle  PS.  The  angle  PZS 
will  be  a  right  angle,  and  we  shall  have,  by  Napier's  rule, 

R.  COS.  P=tang.  PZ  cot.  SP ; 

that  is,  cos.  P=cot  0  tang  6 (1) 

Also,  R.  cos.  SP=cos.  SZ  cos.  PZ, 

c,„     COS.  SP 

that  is,  sin.  aUitude=-r-^ (3) 

Ex.  1.  Find  the  altitade  and  hour  angle  of  Aldeharan  (Dea 
16°  13'  N.)  when  it  is  exactly  east  of  an  ohserver  at  New  York, 
Lat40o42'N. 

By  formtila  (2), 

sin.  16°  13'  =9.446026 

sin.  40°  42'  =9.814313 

Altitade=25«  21'  27"  8in.=9.631712 
H 
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By  formula  (1), 

tang.  16°  13^  =9.463658 

cot.  40^42^  =0.065433 

70O  14'  12''  oo6.=9.629091 
=4h.  40m.  56.8s. = hour  angle* 
Ex.  2.  Find  the  altitude  and  hour  angle  of  Vega  (Dec.  38^ 
38'  N.),  when  it  is  exactly  west  of  an  observer  at  Cambridge^ 
Lat.42o22'N. 

Ans.  Altitude     =  67°  53^  37"', 
Hour  angle=lh.  55m.  12s. 

Problem. 

(149.)  To  find  the  amplitude  and  hour  angle  of  a  star  when 
it  is  in  the  horizon. 

Let  TEF'  represent  the  hour  circle 
which  is  six  hours  from  the  meridian, 
and  which  intersects  the  horizon  in 
the  east  point,  E.  Let  S  or  S'  be 
the  position  of  a  star  in  the  horizon, 
and  through  S  draw  the  hour  circle 
PSP' ;  abo,  through  S'  draw  the  hour 
circle  PST'.  Then,  in  the  right-an- 
gled spherical  triangle  EMS  or  EM'S', 
EM  or  EM' = the  distance  of  the  star  from  the  six  o'clock 

hour  circle ; 
MS  or  M'S'=the  star's  declination; 
ES  or  ES'=the  star's  amplitude ; 

=the  complement  of  the  star's  azimuth ; 
MES=M'ES'=the  complement  of  the  latitude. 
Now,  by  Napier's  rule, 

R.  sm.  MS=sin.  ES  sm.  MES, 
or  sin.  ES=sin.  MS  cosec.  MES ; 

that  is,    sin.  amplitude =oq8.  azimuth=8ia.  3  sec.  0  .  .  (1) 
Also,         R.  sin.  EM = tang.  MS.  cot.  MES, 

or  sin.  EM=tang.  6  tang.  ^ (2) 

P=6  hours  q=EM, 
where  P  represents  flie  time  from  the  star's  r»ing  to  its  passing 
the  meridian. 
Ex.  1.  Find  the  amplitude  and  hour  angle  of  Aicturus  (Dea 
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19^  57'  N.)  when  it  rises  to  an  observer  at  New  York,  Lat  40° 
42^  N. 

By  formula  (1),  • 

sin.  190  br  =9.533009 

sec.  40°  42'  =0.120254 

AmpUtade=E.  26°  44'  49''  N.  sin.  =9.663263 
or  Azimuth    =N.  63°  15'  11"  E. 

By  formula  (2), 

tang.  19°  57'  =9.659885 

tang.  40°  42'  =9.934567 

EM=18o  11'  34"       sin.  =9.494452 
Henoe  the  hour  angle =7h.  12m.  46.3s. 
Ex.  2.  Find  the  hour  angle  and  amplitude  of  Antares  (Deo. 
26°  &  S.),  when  it  eets  to  an  observer  at  Philadelphia,  Lat.  39° 
67''  N.  Ans.  Hour  angle=4h.  23m.  5.7s. 

AmpUtude  =W.  35°    1'  16"  S. 
or  Azimuth     =S.   54°  68' 44"  W. 

As  we  have  firequent  occasion  to  know  the  time  of  rising  and 
setting  of  the  heavenly  bodies,  it  is  convenient  to  have  a  table 
from  which  this  may  be  ascertained  without  the  labor  of  com- 
putation«  Table  XIX.  furnishes  the  semi-diurnal  arcs  for  any 
latitude  up  to  60°,  and  for  any  declination  not  exceeding  29°, 
from  whidi,  if  we  know  the  time  of  passing  the  meridian,  the 
time  of  rising  or  setting  is  easdly  found. 

To  find  the  time  of  rising  of  the  sun's  upper  limb,  corrected 
for  refiraotion,  see  Art  169. 


RING   MICROMETER. 


(150.)  The  ring  micrometer 
consists  of  an  opaque  ring,  in- 
serted in  the  focus  of  a  telescope, 
andhaving  a  diameter  somewhat 
less  than  that  of  the  field  of  view. 
When  the  telesco(>e  is  fixed  in  po- 
sition, by  observing  the  instants 
at  whidi  two  stars  pass  the  op- 
posite sides  of  either  the  outer  or 
ioner  circle  of  the  ring>  their  dif- 
ference of  right  ascension  and 
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declination  may  be  computed, 
provided  we  know  the  diameter 
of  the  ring.  The  annexed  fig- 
ure represents  the  appearance  of 
a  ring  suspended  in  the  focus  of 
a  telescope,  the  field  of  view  be- 
ing represented  by  the  circle 
NWSE.  Each  star  is  to  be  ob- 
served  when  it  passes  behind  the 
ring  at  L,  when  it  reappears  at 
A ;  when  it  disappears  again  at 
A',  and  when  it  reappears  at  M. 

(161.)  To  determine  the  radius  of  the  ring. 
If  there  are  spider  lines  bisecting  the  ring  exactly  in  the  cen- 
tre, we  may  determine  the  radius  by  observing  the  time  required 
by  an  equatorial  star  in  passing  centrally  across  the  ring ;  or  by 
observing  the  passage  of  any  star  not  very  near  the  pole,  and 
multiplying  the  interval  by  the  cosine  of  its  declination ;  that  is, 

15 

r= Radius =-^^^—0^08.  Dec, 

where  t  and  V  are  the  times  of  ingress  and  egress  of  the  star. 
See  Art.  72. 

The  j-adius  of  the  ring  will  retain  the  same  value  only  as  long 
as  the  distance  of  the  ring  from  the  object-glass  remains  un- 
changed. When,  therefore,  the  radius  of  the  ring  has  been  once 
determined,  the  position  of  the  tube  carrying  the  micrometer 
should  be  accurately  marked,  and,  in  all  subsequent  observa- 
tions, should  be  carefully  adjusted  to  the  same  position. 

(162.)  To  determine  the  difference  of  right  ascension  of  two 
stars. 

Point  the  telescope  in  such  a  manner  that  the  stars  may  trav- 
erse the  ring  in  succession ;  one  of  them,  for  example,  from  A  to 
A^,  the  other  from  B  to  B^,  and  leave  the  telescope  undisturbed 
during  the  observation.  Note  the  times  T  and  T^,  corresponding 
to  the  instants  of  ingress  and  egress  of  the  first  star  at  A  and  A^ ; 
again,  leaving  the  telescope  undisturbed,  note  the  times  t  and  t% 
corresponding  to  the  instants  of  ingress  and  egress  of  the  second 
star  at  B  and  B'.  The  instant  of  passing  the  middle  point,  D, 
of  the  chord  AA',  will  be  denoted  by  i{T+T) ;  and  the  instant 
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of  passing  the  middle  point,  H,  of  the  ohord  BB^,  will  be  de- 
noted by  i{t^+t).  The  differenoe  of  right  ascension  will  there- 
fore be  i(^+0  — i(T'+T),  provided  the  clock  has  no  rate  that 
sensibly  affects  the  interval. 

(153.)  To  determine  the  difference  of  declination  of  two  stars. 

We  most  previoosly  have  an  approximate  knowledge  of  the 
declination  of  each  of  the  stars. 

Put  6  =the  approximate  declination  of  the  first  star ; 
(r=the  approximate  declination  of  the  second  star. 

Then  we  shall  have 

AD=i(T^-T)15cos.d, 
and  BH= J(r-015  cos.  6\ 

Put      X=the  angle  ACD,  and  a;=the  angle  BCH. 

Then 


sm.  X=— =1^  COS.  6  (T^~T) 
r      2r  ^ 

BH     lo         .....     .V 

sm.  x= — =^r-  COS.  6'U'—t) 
r      2r  ^ 


(1) 


Also, 


(2) 


CD=r  cos.  X  ) 
CH=r  COS.  X  ) 

Hence  DH,  or  the  difference  of  declination  =:r(cos.  a;— cos.  X), 
when  both  arcs  are  on  the  same  side  of  the  centre  of  the  ring. 
When  they  are  on  opposite  sides,  the  difference  of  declination 
=r(cos.  x+cos.  X). 

When  the  observations  are  made  with  reference  to  the  outer 
edge  of  the  ring,  we  must  proceed  in  the  same  manner ;  and  if 
observations  are  made  at  both  edges  of  the  ring,  a  mean  of  the 
two  results  must  be  taken. 

The  results  for  right  ascension  will  be  most  reliable  when  the 
stars  pass  near  the  centre  of  the  ring ;  but  the  results  for  decli- 
nation will  be  most  reliable  when  the  stars  pass  at  a  considera- 
ble distance  from  the  centre. 

(154.)  The  following  observations  of  Encke's  comet  and  a 
neighboring  star  will  illustrate  the  use  of  this  micrometer : 


Nonhor 
South  of 
Centn. 

OuurRlng. 
Ingnn. 

Inner 

Ring. 

Ingren. 

Inner 
Ring. 
Egress. 

Outer 
Ring. 
Egress^ 
m.      s. 

15    4 
17    7 

Concluded 

TlWWlCOTW 

noor-Cirde. 

DilTerenee 
of  R.  A. 

Star 
Comet 

N. 
S. 

23  13    9 
23  15  11 

m.      «. 

13  28 
15  36 
36  23 
38  15 

m.      s. 

14  44 
16  38 

m.           «. 

14    6.25 
16    8.0 

2     1.75 

Star 
Comet 

N. 
S. 

23  35  59 
23  37  48 

37  16 
39  10 

37  41 
39  37 

36  49.75 
38  42.5 

1  52.75 
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The  observations  of  the  first  of  the  preceding  stars  ^ih  the 
outer  ring  give  J(T''+T)=:14m.  6.5s. ;  from  the  inner  ring  we 
obtain  14m.  6s. ;  the  mean  of  the  two  is  14m.  6.258.,  which  is 
the  time  of  passing  the  middle  point  of  its  chord.  In  the  same 
manner  we  obtain  for  the  comet  16m.  8.0s.  Hence  their  differ- 
ence of  right  ascension  was  2m.  1.75s. ;  and,  in  the  same  man- 
ner, their  difference  of  right  ascension  at  the  second  observation 
was  Im.  52.75s. 

The  difference  of  declination  is  computed  as  follows,  using 
only  the  observations  of  the  inner  ring : 

The  radius  of  the  inner  ring  was  9"  38''=578'\ 

The  declination  of  the  star  was  32°  8^  41'''  N. 

The  declination  of  the  comet  at  the  first  observation  was  31^ 
56"  25""  N.  nearly. 

The  declination  of  the  comet  at  the  second  observation  was 
310  53^  14""  N.  nearly. 

For  the  first  star  observation,  by  equation  (1), 
i(^-0=38s.=1.57978 
15    =1.17609 
COS.  d= 9.92773 

1=7.23807 
r 


a;=56o  36"  50""  8in.=9.92167 
By  equation  (2), 

COS.  a;=9.74058 
r=2.76193 
CH=318"".1=2.50251 
In  a  similar  manner,  for  the  first  comet  observation^  we  ob- 
tain 

CD=422"".3. 
Hence,  since  the  star  and  comet  were  on  opposite  sides  of  the 
centre,  the  difference  of  declination =318"".l+422"".3=740"".4 
=  12"20"".4. 

In  the  same  manner,  we  find  the  difference  of  declination  at 
the  second  observation  to  be  15"  29"".7. 

(155.)  Frequently  a  comet  changes  its  right  ascension  and 
declination  so  rapidly  that  we  can  not  assume  that  in  one  sec- 
ond of  time  it  describes  15""  cos.  6  in  arc,  and  that  its  path  is 
perpendicular  to  an  hour  circle.     In  this  case,  we  must  apply  a 
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t)onrection  to  the  result  obtained  without  regarding  the  proper 
motion. 

Let  NS  represent  an  hour  oirole,  and  draw  BB'  perpendicular 
toNS. 

Suppose  the  comet  to  describe  the  path 
BK  instead  of  BB', 

Represent  CG-  by  fi{=the  least  distance 
of  the  comet  from  the  centre  of  the  ring ; 
and  let  T=i  (^— ^)=half  the  interval  be- 
tween the  ingress  and  egress ;  then 
<P=r'-(15rcos.d)^ 

Represent  by  Aa  the  increase  of  right  s 

ascension  of  tiie  comet  in  a  second  of  time ;  Ar  the  change  of 
r  caused  by  the  change  of  right  ascension,  so  that  r+ Ar  repre- 
sents the  half  interval  which  would  have  been  observed  if  there 
had  been  no  change  of  right  ascension.    Then 

At=— tAo. 

But|  by  differentiating  the  above  expression  for  ^j  we  have 

.        IS^TCos.  ^d, 

Aa= -J At. 

a 

Hence  Arf=(15rco8.d)»^  . (A) 

which  represents  the  required  correction  of  the  comet's  declina- 
tion. 

Let  Ad  represent  tiie  change  of  declination  of  the  comet  in  a 
second  of  time,  and  n  the  angle  KBB^,  which  the  comet's  path 
makes  with  a  parallel,  we  shall  have 

_  Ad 

^•^^(15+Aa)cos.  d' 
or  we  may  assume  without  appreciable  errori 

Ad 
15  cos.  6 
Let  y  represent  GrI,  the  portion  of  the  comet's  path  between 
the  hour  circle,  CI,  and  the  perpendicular,  GG,  drawn  from  the 
centre  upon  the  path,  and  we  shall  have 

-.  rfAd 

y=rf  tang.  «=:r= r. 

^         15  COS.  d 

The  correction  to  be  applied  to  the  time  of  transit  over  the 

hour  circle,  determined  wi^out  regard  to  proper  motion,  is 
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15  COS.  d' 

-=+p^ («) 

In  the  example  given  above^  the  comet's  motion  in  right  as^ 
oension  in  24  hours  was  —  7m.59.25s.,  and  in  dedination  —3^ 
5^  {y\l.     Consequently, 

log.  ila=7.74406», 
and  log.Ad=9.10884». 

Moreover,  we  have  before  found, 

log.  rf=2.62667 

T=3l8. 

<J=3lo  56'  25'^ 


To  compute  ^d. 

By  formula  A. 

15=1.17609 

To  compute  Ar. 

BylbraraUB. 

d=2.62567 

T=3l8.= 1.49136 

Acf=9.10884» 

COS.  <J- 9.92870 

1.73461» 

2.59615 

(16  COS.  d)*=2.20958 

2 

AT=-0.33s.=9.52493n. 

5.19230 

Ao=7.74405« 

oomp.  rf=7.37433 
Arf=-2".04=0.31068». 

At  the  time  of. these  observations,  the  comet  was  moving 
southward  from  the  centre  of  the  field,  so  that  its  apparent  path 
may  be  represented  by  BK.  It  passed  the  point  Gr,  half-way 
between  B  and  K,  at  16m.  8.0s.  Hence  it  passed  the  point  I,  on 
the  hour  circle  bisecting  the  ring,  at  16m.  8.33s.  Therefore  the 
true  difference  of  right  ascension  was  2m.  2.08s. 

The  comet's  least  distance  from  the  centre  of  the  ring  was  be- 
fore computed  to  be  422^^3,  which  is  represented  by  CG-.  Its 
corrected  distance  is  CH,  which  is  42C.3.  Hence  the  true  dif- 
ference of  declination  was 

420'^3+318'M=738'^4=13'  18M- 


CHAPTER  V. 

TIME. 

(156.)  The  interval  between  two  sacoessive  returns  of  the 
vernal  equinox  to  the  same  meridian  is  csJled  a  sidereal  day. 

The  interval  between  two  suocessive  returns  of  the  sun  to  the 
same  meridian  is  called  a  solar  day. 

The  sun  completes  an  apparent  revolution  about  the  earth 
in  one  yeajr,  or  365  days  5  hours  48  minutes  and  47.57  sec- 
onds ;  so  that  the  sun's  mean  daily  motion  is  found  by  the  pro- 
portion 

one  year :  one  day ::  360°  :  daily  motion =59^  8^^.33. 

This  motion  is  not  uniform,  but  is  greatest  when  the  sun  is 
nearest  the  earth.  Hence  the  solar  days  are  unequal ;  and  to 
avoid  the  inconvenience  which  would  result  from  this  fkctj  as- 
tronomers have  recourse  to  a  mean  solar  day,  the  length  of  which 
is  equal  to  the  mean  or  average  of  all  the  apparent  solar  days 
in  a  year. 

(157.)  The  length  of  the  mean  solar  day  is  different  from  that 
of  the  sidereal,  because  when  the  mean  sun,  in  its  diurnal  mo- 
tion, returns  to  the  meridian,  it  is  59^  8^^33  advanced  eastward 
in  right  ascension. 

An  arc  of  the  equator,  equal  to  360°  59^  8^^33,  passes  the 
meridian  in  a  mean  solar  day,  while  only  360°  pass  in  a  sidereal 
day.  To  find  the  excess  of  the  solar  day  above  the  sidereal  day, 
expressed  in  sidereal  time,  we  have  the  proportion 

360° :  59^  8^^33 ::  one  day :  3m.  56.555s. 

Hence  34  hours  of  mean  solar  time  are  equivalent  to  24h. 
3m.  56.555s.  of  sidereal  time.  As  we  have  frequent  occasion 
to  convert  intervals  of  mean  solar  time  into  intervals  of  sidereal 
time.  Table  lY.  has  been  constructed,  from  which  such  inter- 
vals are  found  by  mere  inspection. 

Example.  Find  the  sidereal  interval  which  corresponds  to  15L 
20m.  20.58s.  of  mean  solar  time. 
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According  to  Table  IV., 

15  hours  mean  solar  time= ISk    2m.  27.847s.  sidereal  time. 
20  minutes"      "      "    =        20        3.286        ''         " 
20  seconds   "       "      "    =  20.056         "         " 
0.68             "      "      "    =  0.682        "         " 
The  sidereal  interval        =18h.  22m.  61.769s. 

To  find  the  excess  of  the  solar  day  above  the  sidereal  day,  ex- 
pressed in  solar  time,  we  have  the  proportion 

360O  59'  8''.33 : 59^  8^^33 ::  cme  day :  3m.  56.909s. 

Hence  24  hours  of  sidereal  time  are  equivalent  to  23h.  56m. 
4.091s.  of  mean  solar  time.  In  order  to  fistcilitate  the  conver- 
sion of  sidereal  time  into  solar  time.  Table  V.  has  been  construct- 
ed, from  which  these  intervals  are  found  by  mere  inspection. 

Example.  Find  the  solar  interval  which  corresponds  to  16h. 
15m.  25.66s.  of  sidereal  time. 

According  to  Table  V., 

16  hours  sidereal  time= 15h.  57m.  22.727s.  mean  solar  time. 
15  minutes"         "     =         14     67.543      "       «        " 
25  seconds   "        "     =  24.932      "       "       " 
0.66             "        "     =  0.658      "       "        " 
The  solar  interval       =  16h.  12m.  45.860s. 

(158.)  Throughout  this  work  we  shall  suppose  the  student  to 
have  in  his  possession  some  astronomical  ephemeris,  like  the 
Nautical  Almanac.  The  English  Nautical  Almanac  has  been 
published  annually  since  1767,  and  generally  appears  about 
three  years  in  advance  of  the  date  for  which  it  is  computed. 
The  French  Connaissance  des  Temps  has  been  published  annu- 
ally since  1679,  without  ever  having  suffered  a  single  interrup- 
tion; and  the  Berlin  Astronomisches  Jahrbuch  has  been  pub- 
lished annually  since  1776.  The  first  volume  of  the  American 
Nautical  Almanac,  being  for  1855,  was  published  in  February, 
1868,  and  since  that  time  it  has  been  published  annually. 
Either  of  these  almanacs  will  furnish  all  the  data  which  are 
required  for  the  computations  in  this  treatise.  We  shallj  how- 
ever, employ  the  American  Nautical  Almanac,  whenever  it  can 
conveniently  be  done;  and  for  other  cases  shall  refer  to  the 
English  Nautical  Almanac. 
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Problem. 

(159.)  To  convert  mean  solar  time  into  sidereal  time. 

When  the  sun  is  on  the  meridian^  the  sidereal  time  is  the  same 
as  the  sun's  apparent  right  ascension. 

Thus^  according  to  the  American  Nautical  Ahnanac  for  1855, 
page  271,  the  sun's  apparent  right  ascension  at  Washington,  ap- 
parent noon,  January  1,  1855,  is  18h.  46m.  58.21s.;  this  is, 
therefore,  the  sidereal  time  at  that  instant.  The  sidereal  time 
of  mean  noon  may  be  found  from  the  preceding,  by  applying  the 
equation  of  time,  reduced  to  its  sidereal  equivalent.  Thus,  on 
January  1, 1855,  the  equation  of  time  is  +3m.  49.72s.,  which  is 
equivalent  to  3m.  50.35s.  sidereal  time.  Therefore  the  sidereal 
time  of  mean  noon  is 

18h.  46m.  58.21s.  ~  8m.  50.36s.,  which  equals  18h.  43m.  7.86s. ; 
and  this  is  the  number  given  in  the  last  column  of  page  271  of 
the  almanac.  The  almanac  furnishes,  in  like  manner,  the  side« 
real  time  of  mean  noon  at  Washington  for  every  day  in  the  year. 
With  this  assistance,  we  can  easily  convert  any  instant  of  mean 
solar  time  into  its  corresponding  sidereal  time,  by  the  following 

Rule. 
Sidereal  time  required= sidereal  time  at  the  preceding  mean 
noon,  plus  the  sidereal  interval  corresponding  to  the  given 
mean  time. 

Example.  Convert  2h;  22ra.  25.62s.  mean  sokr  time  at 
Washington,  January  2, 1855,  into  sidereal  time. 
Sidereal  time  at  the  preceding  mean 

noon,  viz.,  January  2 18h.  47m*    4.42a. 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent  by  Table  IV 2h.  22m.  49>02s. 

The  sum  is  the  sidereal  time  required  21h.    9m.  53.446. 
If  the  place  of  observation  be  not  on  the  meridian  of  the  epbem- 
eiis,  the  sidereal  time  at  mean  noon  must  be  corrected  by  the 

addition  of  9.8565s.  (  = — ^-^^ -\  for  each  hour  of  longi- 
tude, if  the  plaoe  be  to  the  west  of  the  first  meridian,  but  by  its 
substraction  if  to  the  east 
Example.  Gorrrexi  7h.  55m.  51.65s.  mean  time  at  the  High 
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School  Observatory,  Philadelphia,  April  19,  1855,  into  sidereal 
time. 

The  sidereal  time  at  the  preceding  Wash- 
ington mean  noon  is Ih.  48m.  55.82s. 

Correction  for  7m.  33.6s.,  Philadelphia 

east  of  Washington —1.24s. 

Sidereal  time  at  the  preceding  Philadel- 
phia mean  noon Ih.  48m.  54.58s. 

Add  the  mean  time,  reduced  to  its  side- 
real equivalent  7h.  57m.    9.82s. 

The  sum  is  the  sidereal  time  required  .  .  9h.  46m.    4.40s. 

Problem. 

(160.)  To  convert  sidereal  time  into  mean  solar  time. 

If  from  the  proposed  sidereal  time  we  subtract  the  sidereal 
time  at  the  preceding  mean  noon,  we  shall  obtain  the  interval 
from  mean  noon  expressed  in  sidereal  time ;  and  if  we  convert 
this  interval  into  its  mean  solar  equivalent,  we  shall  have  the  in- 
terval elapsed  since  mean  noon  expressed  in  mean  time,  and  there- 
fore the  time  which  ought  to  be  shown  by  a  mean-time  clock. 

Example.  Convert  21h.  9m.  53.44s.  sidereal  time  at  Wash- 
ington, January  2,  1855,  into  mean  solar  time. 

Sidereal  time  given 21h.    9m.  53.44s. 

Sidereal  time  at  preceding  mean  noon  .  18h.  47m.    4.42s. 

Interval  in  sidereal  time  from  mean  noon    2h.  22m.  49.02s. 

Equivalent  in  mean  solar  time  by  Ta- 
ble V ."^h.  22m.  25.62s. 

which  is  therefore  the  mean  solar  time  required. 

(161.)  If  we  subtract  the  sidereal  time  at  mean  noon  from 
twenty-four  hours,  and  convert  this  interval  into  its  solar  equiv- 
alent, we  shall  have  the  mean  time  of  transit  of  the  first  point 
of  Aries,  which  may  be  called  the  mean  time  at  sidereal  noon. 
It  is  the  time  which  ought  to  be  shown  by  a  mean-time  clock, 
at  the  moment  that  a  clock  adjusted  to  sidereal  time  indicates 
exactly  Oh.  Om.  Os.  The  mean  time  of  transit  of  the  first  point 
of  Aries  is  given  in  the  English  Nautical  Almanac  for  every  day 
of  the  year,  on  page  xx.  of  each  month.  It  is  omitted  in  the 
American  Almanac  for  1855,  but  is  inserted  in  the  Almanac  for 
1856,  on  page  in.  of  each  month,  under  the  title  mean  time  of 
sidereal  Oh.     This  quantity  is  found  as  fnllnws  f 
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The  sidereal  time  at  Greenwich,  mean  noon,  January  1, 1855, 
is  18h.  42m.  17.25s.  Subtracting  this  from  24  hours,  we  have 
5h.  17m.  42.75s.,  which,  reduced  to  its  equivalent  solar  interval, 
is  5h.  16m.  50.70s.,  which  is,  therefore,  the  mean  time  of  transit 
of  the  first  point  of  Aries  for  January  1, 1855,  at  Greenwich,  and 
is  so  given  on  page  xx.  of  the  English  Almanac.  With  this  as- 
sistance, we  can  easily  convert  any  instant  of  sidereal  time  into 
its  corresponding  mean  solar  time,  by  the  following 

Rule. 
The  mean  solar  time  required=.mean  time  at  the  preceding 
sidereal  noon^  plus  the  mean  interval  corresponding  to  the 
given  sidereal  time. 

Example.  Convert  21h.  8m.  55.39s.  sidereal  time  at  Green- 
wich, January  2,  1855,  into  mean  time. 
Mean  time  at  the  preceding  sidereal  noon, 

January  1 5h.  16m.  50.70s. 

Add  the  given  sidereal  time  reduced  to 

its  equivalent  mean  time 21h.    5m.  27.51s. 

The  sum  is  the  mean  time  required,  Jan- 
uary 2 2h.  22m.  18.21s. 

(162.)  If  the  place  of  observation  be  not  on  the  meridisui  of 
the  ephemeris,  the  mean  time  of  the  transit  of  the  first  point 
of  Aries  must  be  corrected  by  the  subtraction  of  9.8296s. 

I  = — '^^ • )  f'^^f  ^^^  ^^^'  of  longitude,  if  the  place  be  to 

the  west  of  the  first  meridian,  but  by  its  addition  if  to  the  east. 
Example.  Convert  22h.  11m.  37.68s.  sidereal  time  at  High 
School  Observatory,  Philadelphia,  October  17,  1855,  into  mean 
time. 

The  mean  time  at  the  preceding  Green- 
wich sidereal  noon  is lOh.  20m.  32.74s. 

Correction  for  5h.  Om.  37.6s.,  Philadel- 
phia west  of  Greenwich j —49.25s. 

Mean  time  at  the  preceding  Philadelphia 

sidereal  noon lOh.  19m.  43.49s. 

Add  the  sidereal  time,  reduced  to  its 

mean  equivalent 22h.   7m.  59.52s. 

The  sum  is  the  mean  time  required  .  .    8h.  27m.  43.01s. 
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Problesc. 

(163.)  To  find  the  time  by  observation. 

First  Methodr^By  equal  altitudes  of  a  star  on  opposite 
sides  of  the  meridian. 

Observe  the  times  when  the  star  has  equal  altitudes  before 
and  after  passing  the  meridian ;  the  arithmetical  mean  between 
these  times  is  the  time  of  the  star's  passing  the  meridian.  By 
comparing  this  time  with  the  known  place  of  the  star,  we  may 
obtain  the  error  of  the  clock. 

Example.  The  numbers  in  column  first  of  the  following  table 
show  the  times  when  Arcturus  had  the  altitudes  contained  in 
column  second,  on  the  east  of  the  meridian.  Column  third  shows 
the  times  when  it  had  the  same  altitudes  on  the  west  of  the  me- 
ridian. Column  fourth  shows  the  sums  of  these  times,  the  av- 
erage of  which  is  28h.  7m.  42.6s. ;  consequently  the  star  passed 
the  meridian  at  14h.  3m.  51.25s.  by  the  clock. 


Eaat. 

Altitude. 

w««. 

Snm. 

h.     m.        9, 

O             ' 

k.      m.        ,. 

k.    m.       : 

10  55  49.2 

43  10 

17  11  63.0 

28  7  42.2 

57  59.5 

43  30 

9  43X)    . 

42.5 

11    0    9.7 

43  50 

7  32.5 

42.2 

2  20.7 

44  10 

5  222 

42.9 

6  43.7 

44  50 

0  59.0 

42.7 

Mean 

.  28  7  42.5 

Meridian  passage 

.=14  3  51.25 

If  we  suppose  the  clock  regulated  to  sidereal  time,  and  the 
right  ascension  of  the  star  to  be  14h.  9m.  0.16s.,  then  the  clock 
was  slow  6m.  8.91s. 

(164.)  Second  Method. — By  equal  altitudes  of  the  sun. 

Since  the  declination  of  the  sun  changes  from  morning  to 
evening,  the  time  of  the  sun's  .igrriving  at  a  given  altitude  is 
affected  by  this  motion,  and  we  must  compute  the  correction 
to  be  applied  to  the  mean  of  the  times  observed.  This  may  be 
done  by  the  following  method : 

Let  PZM  be  the  meridian  of  the  place  t)f  observation,  P  the 
pole,  Z  the  zenith,  AMB  a  small  circle  parallel  to  the  horizon, 
ANB  the  parallel  described  by  a  star  in  its  diurnal  motion,  and 
cutting  the  former  circle  in  A  and  B.     If  Z  A  is  found  by  obser- 
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vation  eqaal  to  ZB,  then,  sinoe  PZ  is  oonstaQt}  if  the  polar  dis- 
tance, PA,  does  not  change,  the  two  triangles,  PZA,  PZB,  will  \)e 
mutually  equilateral,  and,  consequently,  the  angle  ZPA=ZPB ; 
that  is,  the  hour  angle  of  a  star 
from  the  meridian  is  the  same 
for  equal  altitudes  on  the  east 
and  west  sides  of  the  meridian ; 
and  this  is  the  case  with  all 
the  fixed  stars,  but  not  with 
the  sun.  Suppose  the  polar 
distance  of  the  sun  has  di^ 
minished  during  the  interval, 
then,  when  the  western  hour 
angle,  ZPB,  is  equal  to  the  east- 
em,  ZPA,  the  sun  will  be  at  B^, 
nearer  to  the  zenith;  and  when 
the  sun  reaches  the  circle  AMB  at  C,  the  hour  angle  ZPC  will 
be  greater  than  the  hour  angle  ZPA  or  ZPB. 

It  is  necessary^  then,  to  compute  the  angle  BPC. 

Put  0=the  latitude  of  the  place;  d=the  declination  of  the 
sun  when  on  the  meridian ;  ^=the  increase  of  declination  from 
the  meridian  to  the  afternoon  observation;  P=the  hour  angle 
from  the  meridian,  supposing  no  change  in  the  declination; 
dP=the  increase  of  the  hour  angle  in  time  caused  by  the  change 
of  declination ;  and  Z=the  observed  zenith  distance. 

Now,  ib  the  triangle  APZ,  Trig.,  Art.  225, 

COS.  AZ=cos.  PZ  cos.  AP+sin.  PZ  sin.  AP  cos.  APZ, 
or        cos.  Z=Mn.  ^  sin.  d+cos.  ^  cos.  6  cos.  P  .....  (1) 

Also,  in  the  triangle  CPZ^ 

cos.  CZ=oos.  PZ  COS.  CP+sin.  PZ  sin.  CP  cos.  CPZ, 
or    COS.  Z=sin.  0  sin.  (d+c^)+oo8.  if>  CO84  {6+d6)  008*(P+<iP) 
=sin.  0  sin.  d  00s.  dd+ein.  ^  cos.  6  sin.  dd 
+008.  0  (cos.  d  cos.  dd-^sin.  6  sdn.  d6)  (cos.  P  cos,  dP 
—sin.  P  sin.  dP). 

But  since  the  variations  of  d  and  P,  in  the  present  case^  are 
necessarily  small)  We  may  put 
oo8,<*?xra;  eoft(fl>^l;  mi.dd=^diMia.V']  ML(iP=l&aPfiin.l^ 

Therefore, 
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COS.  Z=sin.  <l>  sin.  d+dS  sin.  V^  sin.  <p  cos.  d+cos.  0  cos.  6  cob.  P 
—dS  sin.  V^  COS.  ^  sin.  d  cos.  P 

—  15dP  sin.  V^  cos.  ^  cos.  <J  sin.  P. 
Hence,  by  equation  (1), 

0=6^  sin.  <p  COS.  d-^dd  cos.  <t>  sin.  J  cos.  P 

—  15flfP  COS.  ^  COS.  6  sin.  P. 
Whence 

rp _d6  sin.  ^  COS.  (5— cM  cos.  ^  sin.  d  cos.  P 
~  15  COS.  (p  COS.  6  sin.  P 

or  rfP=:^|(tang.  0  cosec.  P— tang,  d  cot  P) (2) 

Id 

which  is  the  correction  to  be  applied  to  the  mean  of  the  times 
observed. 

If  the  sun's  motion  in  declination  is  northward,  this  correction 
is  to  be  subtracted  from  the  mean  of  the  times  observed ;  if  the 
motion  is  southward,  it  must  be  added. 

Ex.  1.  At  a  place  in  Lat.  54°  2(y  N.,  the  sun  was  found  to 
have  equal  altitudes  at  8h.  59m.  4s.  A.M.  and  at  3h.  Om.  40s.  P.H. 
It  is  required  to  find  the  time  of  noon,  the  declination  of  the  sun 
being  19°  48'  29'^  N.,  and  the  decrease  of  declination  between 
the  two  observations  being  192^'. 

By  equation  (2), 

tang.  0=0.14406  tang.  (J=9.55652 

cosec.  P=:0.14900  cot.  P=9.99697 

^=6.4=0.80618  ^=0.80618 

12.57s.  =  1.09924  2.29s. = 0.35967 

Hence  12.57 -2.29= 10.28s. =rfP. 

This  correction  is  to  be  added  to  the  mean  of  the  times  ob- 
served, because  the  sun's  motion  was  southward. 

The  mean  of  the  observed  times  is  llh.  69m.  62s. ;  therefore 
the  time  of  apparent  noon  was  Oh.  Om.  2.28s.,  or  the  clock  was 
2.28s.  too  feist  by  apparent  time. 

(165.)  In  order  to  facilitate  the  preceding  computations,  vari- 
ous tables  have  been  devised,  but  the  one  which  has  been  chiefly 
used  was  first  proposed  by  G-auss.  Table  XI.  is  from  the  Amer- 
ican Nautical  Almanac  for  1856,  and  was  furnished  by  Professor 
Chauvenet.     It  differs  from  the  table  of  Gauss  only  in  using  the 
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hourly  ohange  of  the  sun's  declination  instead  of  twice  the  daily 
change.     This  table  was  constructed  as  follows : 

Put  T=the  interval  of  time  between  the  morning  and  after- 
noon observations,  expressed  in  hours. 
I»=the  hourly  change  of  the  sun's  declination. 
Then,  since  d6  represents  the  increase  of  declination  from  the 
meridian  to  the  afternoon  observation,  we  shall  have 

€»=i^T. 
And  since  P  represents  the  hour  angle  from  the  meridian  ex- 
pressed in  arc,  we  shall  have 

P=:7JT, 

Hence  the  correction  to  be  added  to  the  mean  of  the  times 
observed  to  obtain  the  time  of  apparent  noon  is 
^T  tang.  it>       |(iT  tang,  d 
30  sin.  7iT"^30  tang.  7iT* 

T  T 

or       35=  -,i  tang.  <^-___-+^  tang.  6, 


30  sin,  7iT  '  '^       ^*    30  tang.  7iT' 
Let  us  make 

T  T 

^=30  sin.  7iT'  ^"""^  ^=30tang,7iT' 
and  we  shall  have 

x^  —Afi  tang.  ^+Bfi  tang.  6. 
Table  XL  furnishes  the  values  of  A  and  B  for  all  values  of  T 
from  2  hours  to  24  hours.     The  follovnng  is  the  method  of  com- 
puting A  and  B : 
LetT=2houre. 

7iT=15o  sin.=9.4130  7iT=15o  tang.=9.4280 

30=1.4771  30=1.4771 

0.8901  0.9051 

2=0.3010  2=0.3010 

log.  A = 9.4109  log.  B = 9.3959 

which  are  the  values  of  log.  A  and  log.  B,  given  in  the  table  for 
an  interval  of  2  hours ;  and  in  the  same  manner  were  the  other 
numbers  computed.  If  we  employ  the  numbers  of  this  table, 
the  computation  of  Ex.  1  will  proceed  as  follows : 

The  interval  of  time  between  the  morning  and  afternoon  ob- 
servations being  6h.  Im.  36s.,  we  have,  by  Table  XL,  log.  A= 
9.4520,  and  log.  B=9.2999;  and  by  the  Nautical  Almanac, 
/i=  —  31^''.85.     The  operation,  therefore,  will  stand  thus : 

I 
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log.  A=9.4520 
/i=-31.85=1.5031» 
tang.  </»= 01441 


log.  B= 95999 
-.31.85=1.5031f» 
tang.  d= 9.6565 


-  12.57s.  =  1.0992»  -  2.29s. =0.3595» 

Henoe  2;= 12.57—2.29=10.28,  the  same  oorreotion  as  found 
on  page  128. 

The  following  rule  for  the  signs  of  the  two  terms  of  the  cor* 
rection  for  equal  altitudes  may  be  found  convenient : 

The  sign  of  the  first  term  is  positive  from  the  sunmier  to  the 
winter  solstice,  and  negative  from  the  winter  to  the  summer 
solstice. 

The  sign  of  the  second  term  is. positive  from  'Qie  equinoxes  to 
the  solstices,  and  negative  from  the  solstices  to  the  equinoxes.    - 

(166.)  The  following  is  the  most  convenient  mode  of  taking 
these  observations.  Having  brought  the  lower  limb  of  the  sun, 
as  seen  reflected  from  the  sextant  mirror,  into  approximate  con- 
tact with  the  upper  limb,  as  seen  reflected  from  the  mercury, 
move  the  vernier  forward,  and  set  the  zero  to  coincide  with  some 
convenient  division  upon  the  limb.  Wait  for  the  instant  of  con- 
tact, and  note  the  time  by  the  chronometer.  Move  the  vernier 
forward  10'  or  20',  and  note  the  instant  of  contact  as  before, 
making  the  successive  observations  at  equal  intervals  of  10^  or 
20^.  It  is  by  no  means  necessary  that  the  sextant  should  indi- 
cate the  true  altitude  of  the  body,  for- it  is  the  peculiar  excel- 
lence of  this  method  that  it  merely  requires  the  observations  to. 
be  made  at  the  same  altitude  on  both  sides  of  the  meridian. 

Ex,  2.  At  Pembina,  in  Lat  48°  58'  34'',  the  foHowing  double 
altitudes  of  the  sun's  upper  limb  were  observed  August  22d, 
1849: 


A.M. 

Double  AlUtndM. 

P.M. 

Jk.  tn.  *. 

0 

*.  m.   >. 

9  0  50 

78  36  45 

2  33  55 

9  1  55 

78  53  45 

2  32  47 

9  3  14 

79  14  15 

2  81  35 

9  4  25 

79  32  30 

2  30  28 

9  5  9 

79  43  45 

2  29  23 

9  6  8 

80  2  15 

2  28  40 

9  6  48 

80  10  45 

2  28  2 

9  8  12 

80  34  45 

2  26  40 

It  is  required  to  find  the.enor  of  the  chroDDmeter,  the  deoli. 


Time* 


131 


nation  of  the  sun  being  11°  39^  44'^  N.,  and  the  hourly  decrease 
of  declination  being  50'^77. 

When  we  have  a  number  of  observations  made  at  short  inters 
vals  of  time,  as  in  the  present  instance,  it  is  most  convenient  to 
take  the  average  of  all  the  morning  observations,  which  in  the 
present  case  is  9h.  4m.  3d.ls. ;  and  also  the  average  of  the  even* 
iag  observations,  which  in  the  present  case  is  2h.  30m.  11.2s., 
and  regard  them  as  constituting  one  complete  observation.  The 
mean  of  these  times,  is  llh«  47m.  23.1ds. ;  the  correction  of  the 
hour  angle  is  found  to  be  13.98s.  Therefore  the  time  of  appar- 
ent noon  was  lib.  47m.  37.13s.,  or  the  chronometer  was  slow 
by  apparent  time  12m.  22.87s. 

Ex.  3.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  Ck)tober 
8th,  1852,  in  Lat  30°  4'  N. ;  the  sun's  declination  at  noon,  Oc- 
tober 8th,  being  6°  7'  S.,  and  decreasing  57''''.17  per  hour. 


AM. 

Doubto  Ahitnde*. 

P.M. 

h.       m.      : 

0       ' 

h.    m.  ». 

21  7  27 

73  0 

2  33  59 

8  24 

20 

33  3 

9  23 

40 

32  5  • 

10  18 

74  0 

31  9 

11  16 

20 

30  12 

12  11 

40 

29  14 

13  11 

75  0 

28  13 

14  9 

20 

27  15 

15  10 

40 

26  16 

16  6 

76  0 

25  20 

Ans.  The  mean  of  the  observed  times  is  23h.  60m.  43.0s. ;  the 
correction  of  the  hour  angle  is  +  10.45s.  Hence  the  time  of  ap- 
parent noon  was  23h.  50m.  58.45s. ;  and  since  the  equation  of 
time  was  —12m*  34.77s.,  the  chronometer  was  3m.  28.22s.  too 
fast  by  mean  time. 

(167.)  It  frequently  happens  that  clouds  prevent  our  taking 
the  afternoon  observations  corresponding  to  the  morning  observa- 
tions ;  but  if  the  clouds  subsequently  disperse,  we  may  still  take 
a  series  of  western  altitudes,  and  wait  about  18  hours  to  observe 
thd  corresponding  eastern  altitudes.  If  the  observations  are 
made  upon  a  star,  the  mean  of  the  observed  times  will  give  the 
time  of  passage  over  the  lower  meridian.     If  the  observationsr 
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are  made  upon  the  sun,  the  correction  to  the  mean  of  the  ob- 
served times  will  still  be  given  by  formula  (2),  page  128.  If 
the  sun  is  moving  northward,  it  will  be  further  from  the  upper 
meridian  at  the  time  of  the  eastern  observation  than  at  the  time 
of  the  western,  that  is,  it  will  be  nearer  to  the  lower  meridian. 
Hence  the  correction  given  by  formula  (2)  must  be  added  to  the 
mean  of  the  observed  times ;  and  if  the  interval  between  the  ob* 
servations  exceeds  12  hours,  B  will  be  negative,  because  cot.  P 
will  be  negative.  Hence  the  correction  to  be  added  algebraicaU 
ly  to  the  mean  of  the  observed  times,  to  obtain  the  time  of  ap^ 
parent  midnight,  is 

a/=:Afi  tang.  ^+B^  tang.  6. 
Ex.  4.  It  is  required  to  find  the  error  of  the  chronometer  from 
the  following  observations  of  the  sun's  lower  limb,  made  Octo- 
ber  8th  and  9th,  1852,  in  latitude  30°  4'  N.,  the  sun's  declina- 
tion at  midnight  being  —  6°  19^,  and  decreasing  57'^.06  per  hr>ur. 


OciolKr  8ch,  P.M 

DouUa  Attitude.. 

October  Mk,  A.M. 

*.     <n.      « 

0                ' 

*.       ID.       «. 

2  33  59 

73    0 

21     8  43 

33    3 

20 

9  41 

32    5 

40 

10  39 

31     9 

74    0 

11  36 

30  12 

20 

12  34 

29  14 

40 

13  31 

28  13 

75    0 

14  30 

27  15 

20 

16  28 

26  15 

40 

16  28 

25  20 

76    0 

17  26 

An$,  The  mean  of  the  observed  times  is  llh.  61m.  22.05s. ; 
the  correction  of  the  hour  angle  is  ~  37.12s.  Hence  the  time 
of  apparent  midnight  was  llh.  50m.  44.93s. ;  and  since  the 
equation  of  time  was  —  12m.  42.82s.,  the  chronometer  was  3m. 
27.75s.  too  fast  by  mean  time. 

(168.)  Third  Method. — By  a  single  altitude  of  the  sun  or  a 
star. 

Let  PZH  be  the  meridian  of  the 
place  of  observation,  P  the«  pole,  Z 
the  zenitb,  and  S  the  place  of  the  sun 
or  star.  If  the  zenith  distance,  SZ, 
has  been  measured  and  corrected  for 
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refraction,  then  in  the  spherical  triangle,  ZPS,  the  three  sides 
are  known,  viz., 

PZ=the  co-latitude =^ ; 
ZS  =the  true  zenith  distance=:2r; 
PS  =the  north  polar  distance  of  the  stELi—d. 
In  this  triangle  we  can  compute  the  angle  ZPS,  which  is  the 
distance  of  the  star  from  the  meridian. 
By  Trig.,  Art.  226, 

sin.  ^A-x/^^°-(^-^)"^°'(^~^) 
^  sin.  b  sin.  c 

Put  28=^+^+-^; 

then  sin.  ^^^ ^^^^WE^^^^l 

^  sin.  "^  sin.  d 

Ex.  1.  At  a  place  in  Lat.  25°  40'  N.,  the  sun's  correct  cen- 
tral altitude  was  found  to  be  10°  6'  2T\  when  his  decUnation 
was  8°  5'  5&'  S.     What  was  his  distance  from  the  meridian  ? 
rf=  98°    5^56^^  sin.  (S-t/;)=9.922746 

z=  79°  63^  33"'  sin.  (S-rf)= 9.593007 

V;=  64°  20'    {y  cosec.  1/^=0.045117 

242°  19'  29"  cosec.  rf= 0.004353 

S=121°    9^44''  2)9.565223 

S-V'=  56°  49"  44"     iP=37°  18'  53".5  sin.  =9.782612 
S-//=  23°    3' 48"      P= 74°  37' 47", 

or  4h.  58m.  31.1s. = apparent  time. 
It  may  be  found  convenient  to  employ  in  our  computation  0, 
the  latitude  of  the  place,  and  d,  the  declination  of  the  star,  rath- 
er than  the  co-latitude  and  polar  distance.  For  this  purpose,  we 
have  only  to  substitute  in  the  preceding  formula  6  for  90°  — rf, 
and  0  for  90°  —-0,  and  we  shall  obtain 


sin.  iP  = 

cos.  0  cos.  d 

Ex.  2.  At  a  place  in  Lat.  52°  13'  26"  N.,  at  3h.  21m.  13.4s. 
P.1L  by  the  clock,  the  corrected  zenith  distance  of  the  sun's  cen- 
tre was  found  to  be  76°  16'  15'",  when  his  declination  was  9° 
33'  30"  S.     Eequired  the  correction  of  the  clock. 
Ans.  The  true  hour  angle  was  3h.  21m.  S2.7s. ;  hence  the 
clock  was  9.3s.  slow. 
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.  Ex.  3.  On  the  4th  of  March,  1850,  at  13h.  16m.  45.12s.  by 
the  sidereal  clock,  the  zenith  distance  of  a  Lyrae  was  observed 
at  Grreenwich  to  be  54°  16'  14'^58 ;  it  is  required  to  determine 
the  error  of  the  clock,  supposing  the  star's  R.  A.  to  be  ISh.  31m. 
50.84s.,  and  its  declination  38°  38"  39"^4  N. 

Ans.  The  clock  was  slow  19.64s. 
Ex.  4.  The  following  double  altitudes  of  the  sun's  upper  limb 
were  observed  August  29, 1849,  in  Lat.  48°  17"  N. : 


Times. 

Double  Altilndes. 

k.      m.     8. 

o            '             " 

8  58  58 

78    7  45 

9    0  15 

78  27  10 

9     1  14 

78  45  45 

9    2  10 

78  57  30 

9    3    5 

79  12  30 

9    4  39 

79  35  45 

9    5  54 

80  54  45 

9    6  41 

80    8  45 

9    7  37 

80  21  15 

9    8  25 

80  37  15 

It  is  required  to  determine  the  error  of  the  chronometer,  the 
sun's  decUnation  being  9°  16"  20""  N.,  and  his  semi-diameter 
15"  52".  Ans.  The  chronometer  was  slow  23m.  4.44s. 

The  rnost  favorable  opportunity  for  determining  the  time  from 
altitudes  of  the  sun  or  a  star  is  when  it  rises  or  falls  most  rap- 
idly. This  happens  when  the  sun  or  star  is  passing  the  prime 
vertical ;  that  is,  when  it  is  nearly  east  or  west.  The  sun's  al- 
titude should  not  be  less  than  10  degrees,  on  account  of  the  ir- 
regular refraction  near  the  horizon.  In  general^  two  or  three 
hours  from  the  meridian  ^ill  be  sufficient. 

(169.)  Corollary.  By  the  same  method  we  may  compute  the 
time  at  whioh  the  sun's  upper  Umb  rises  or  sets,  when  allowanoe 
is  made  for  refraction.  The  effect  of  refraction  is  to  cause  the 
sun  to  appear  above  the  sensible  horizon  sooner  in  the  morning 
and  later  m  the  afi;ernoon  than  he  actually  is ;  and  when  the 
sun's  upper  limb  coincides  with  the  horizon,  the  centre  is  about 
16"  below.  At  the  instant,  therefore,  of  sunrise  or  sunset,  his 
centre  is  90°  SO'  from  the  zenith;  the  semi-diameter  being 
about  16',  and  the  horizontal  refraction  34'. 
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Ex.  1.  Required  the  time  of  soBset  at  New  York,  Lat  40^ 
42^  at  the  sommer  solstice. 

Here  V»=  49^18'  sin.  (S^V»)= 9.908141 

d=:  66^32^  sin.  (S-rf)= 9.777444 

z=z  90^  Sy  coseo.  ^^=0.120254 

8=103°  20'  coseo.  rf=0.037492 

S-V^=  64°    2'  2)  9.843331 

S-rf=  36^48'      iP=  56°36'sin.=9.921666 
P=113^12'=7h.33m. 
Hence  the  snn  sets  at  7h.  33m.  apparent  time ;  or,  adding 
Im.  for  equation  of  time,  we  have  7h.  34m.  mean  time. 

Ex.  2.  Required  the  mean  time  of  sunset  at  New  Orleans, 
Lat  29°  58^  at  the  winter  solstice;  mean  time  being  one  min- 
ute slow  of  apparent  time.  Ans.  dh.  5m. 

(170.)  The  preceding  methods  are  adapted  to  the  use  of  trav- 
elers and  navigators,  as  the  observations  may  all  be  made  with 
a  sextant  In  fixed  observatories  liie  time  is  habitually  found 
by  a  transit  instrument,  which  is  the  most  accurate  method 
known,  as  well  as  the  most  convenient. 

Fourth  MethadL'-^To  determine  time  by  the  transit  instru- 
ment. 

The  instant  of  tiie  sun's  passing  the  meridian  is  the  time  of 
apparent  noon ;  and  henoe,  if  we  oompare  the  sun's  passage  over 
the  meridian  with  a  chronometer,  we  shall  obtain  the  deviation 
of  the  chronometer  from  apparent  solar  time.  If  to  this  we 
apply  the  equaticm  of  time  with  its  proper  «gn,  we  shall  obtain 
the  error  of  the  chronometer  in  mean  time. 

Ex.  1.  The  min  was  observed  to  pass  the  meridian  at  llh. 
59m.  18.7s.  by  chronometer,  the  equation  of  time  being  +13m. 
22.58.     Required  the  error  of  the  chronometer. 

Ans.   Om.  41.3s.  slow  for  apparent  time ; 
14m.    3.8s.  slow  for  mean  time. 
Ex.  2.  The  sun  was  observed  to  pass  the  meridian  at  llh. 
56m.  12.21s.  by  chronometer ;  the  equation  of  time  being  •-3m. 
56.26s.     Required  the  error  of  the  chronometer. 

Ans.  3m.  47.79s.  slow  for  apparent  time ; 
Om.    8.47s.  fast  for  mean  time. 
In  a  fixed  observatory  it  is  most  convenient  for  ordinary  pur- 
poses to  employ  sidereal  time.  *  The  error  of  a  sidereal  clock  or 
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chronometer  is  found  in  the  manner  already  explained,  except 
that  we  must  know  the  right  ascension  of  tiie  object  observed. 
The  right  ascension  of  the  sun  and  100  fixed  stars  is  given  for 
every  day  of  the  year,  in  both  the  English  and  American  Nau- 
tical Almanacs ;  and  the  right  ascension  of  1500  stars  is  given 
in  the  catalogue  at  the  close  of  this  volume, 

Ex.  3.  The  star  Rigel  was  observed  to  pass  the  meridian  of 
Greenwich,  February  6,  1851,  at  5h.  6m.  35.41s.  by  a  sidereal 
clock,  the  staur's  right  ascension  being  5h.  7m.  22.97s.  Required 
the  error  of  the  clock.  Ans.  47.56s.  slow. 

Ex.  4.  The  sun's  centre  passed  the  meridian  of  Greenwich, 
May  15, 1851,  at  3h.  25m.  35.17s.  by  the  sidereal  clock,  the  sun's 
right  ascension  being  3h.  26m.  33.78s.  Required  the  error  of 
the  clock.  Ans,  58.61s.  slow. 

(171.)  The  error  of  the  clock  may  be  deduced  from  the  tran- 
sit of  any  star  whose  right  ascension  is  known ;  but  the  places 
of  all  stars  contained  in  the  catalogues  are  not  equally  well  de- 
termined ;  and  it  is  obviously  prc^r  that  the  stars  whose  places 
are  best  determined  should  be  preferred  for  this  purpose.  The 
places  of  the  100  stars  in  the  Nautical  Almanac  are  considered 
to  be  better  known  them  any  others.  At  the  Greenwich  Obser- 
vatory, the  error  of  the  clock  is  determined  exclusively  by  the 
Nautical  Almanac  stars ;  and  only  those  are  used  whose  decli- 
nation is  less  than  40  degrees. 

At  the  Oxford  Observatory,  the  stars  used  for  finding  the  clock 
error  are  chiefly  the  Nautical  Almanac  stars,  but  occasionally 
other  stars  are  employed. 

At  the  Edinburgh  Observatory,  only  Nautical  Almanac  stars 
are  used  for  determining  the  correction  of  the  clock,  and  of  this 
list  only  those  are  employed  whose  places  are  considered  to  be 
best  determined. 

At  the  Washington  Observatory,  the  error  of  the  clock  is  deter- 
mined from  observations  of  stars  of  the  American  Ephemeris, 
situated  within  40  degrees  of  the  equator. 


CHAPTER  VI. 

LATITUDE. 

(172.)  The  latitade  of  a  place  is  equal  to  the  elevation  of  the 
pole  above  the  horizon,  and  this  altitude  could  be  ecu^ily  determ- 
ined if  the  pole  were  a  visible  point.  But  as  there  is  no  star 
exactly  at  the  pole,  its  position  must  be  determined  by  observa- 
tions of  stars  at  a  distance  from  it. 

FIRST   METHOD. 

By  transits  of  a  circumpolar  star  both  above  and  below 
the  pole. 

The  best  method  of  determining  the  latitude  of  a  place,  so  as 
to  be  independent  of  the  declination  of  the  star  ol^erved,  and 
also  as  free  as  possible  from  the  errors  of  refraction,  is  by  obser- 
vations of  a  circumpolar  star  at  the  time  of  its  upper  and  lower 
cuhninations.     These  observations  may  be  made  by  means  of 

a  mural  circle,  or  any  graduated  z_ 

circle. 

Let  HZPO  represent  a  meridian, 
HO  the  horizon  of  the  place  of  ob- 
servation, P  the  place  of  the  pole, 
and  ABCD  the  circle  described  by 
a  circumpolar  star  in  its  diurnal  motion.  The  elevation  of  the 
pole  PO  is  equal  to  half  the  sum  of  AO  and  CO,  corrected  for 
refraction. 

Let  A  and  A^  represent  the  altitudes  of  a  circumpolar  star  at 
its  upper  and  lower  culminations ;  also,  let  r  and  /  be  the  re- 
fractions corresponding  to  these  altitudes ;  then 

0=i(A+A'-r-r'), 
both  altitudes  being  measured  from  the  north  horizon. 

If  zenith  distances  instead  of  altitudes  are  observed,  the  co- 
latitude  will  be, 

The  refraction  is  derived  from  Table  VHI. 
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Examples.  The  following  observations  were  made  at  G-reen- 
wich  Observatory : 
Polaris,  May  9,  1851. 

Obseired  AltUade.  Refyaction.  True  Altitude. 

Lower  culmination,  50°   C  8".49-  48".08=  49°59'20",41 
Upper  culmination,  52°68'38".31-  42^M6=  52°57^56^M5 

Sum       =102°57'16".56 
Latitude=  5lo28'38".28 
d  Urs8B  Minority  January  22, 1851. 

Lower  culminatiMi,  48°   5'18".60-  63"'.80=  48°  4'24"'.80 
Upper  culmination,  64°53'33".22-  42".49=_54°52j;50^73 

Sum       =102°5ri5".53 
Latitudo=  51°28'37".77 
P  Cephei,  March  17,  1847. 

Low.  culmination,  3ie23'32'''.85-l'35".22=  3lo21'57".63 
Upp. culmination,  71°35'36".53-0'19".22= Jl°35a7^31 

Sum       =102°67'14".94 
Latitudes  51°28'37".47 
a  Cephei,  March  17,  1847. 

Low,  culmination,  23°  27'  6".03-2'' 13".53=  23°24'62".50 
Upp.  culmination,  79° 32'33".71-0' l(y'.66=  79°32'23''.05 

Sum       =102°67'15",55 
Latitudes  51°  28' 37'".77 
Capella,  June  14, 1837. 

Low,  culmination,    7°  25'  0",72-6'62".78=     7°  18'  7",94 
Upp.  culmination,  95°  39'  2",42+       5".49=  95°  39'  7".91 

Sum       =102°57'15".85 
Latitudes  51°28'37".92 
As  the  refraction  for  the  last  star  is  large,  the  result  of  that 
observation  is  less  reliable  than  the  others.     Those  stars  are  ac- 
cordingly to  be  preferred  whose  polar  distance  is  the  least 

SECOND   METHOD. 

(173.)  Bp  simple  meridian  alti- 
tudes. 

Let  PZH  represent  the  meridian 
of  the  place  of  observation,  HO  the 
horizon,  Z  the  zenith,  P  the  place  of 
the  pole,  EQ  the  equator,  S  or  S'  a 
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etar  on  the  meridian,  SE  or  S^E  its  declination  ((5),  SP  or  ST  its 
distance  from  the  pole  (rf),  which  is  the  complement  of  6 ;  the 
arc  EH  is  the  complement  of  the  latitude  {<p\  or  90°— 0. 

We  measure  the  altitude  (A)  of  the  object  S  or  S^,  or  its  zenith 
distance  (Z),  and  correct  it  for  refraction  and  parallax,  if  the 
parallax  is  appreciable.     Then  it  is  evident  that 
EH=SH-SE  =  S'H+S^E. 

These  two  equations  are  included  in  the  same  expression  by 
regarding  the  declination  negative  when  it  is  south  of  the  equa- 
tor.   Thus, 

9Oo_0=A~<J, 
or  <t>=90^  +  6-A. 

But  Z  =  90°-A. 

Hence  0=d+Z, 

for  stars  which  culminate  south  of  the  zenith,  where  d  must  have 
the  negative  sign  when  the  declination  is  south. 

If  the  star  passes  the  meridian  between  the  north  pole  and 
the  zenith,  as,  for  example,  at  B,  then  we  shall  have 

PO=BO-BP; 
that  is, 

0=A— d. 

But  A=90o-Z,  and  d  =90o-<J. 

Hence  0=<J— Z. 

If  the  star  passes  the  meridian  below  the  north  pole,  then  we 
shall  have 

PO=CO  +  PC; 
that  is,  ^=:A+d=180o-d-Z. 

Hence  we  shall  have 

0=d4-Z  if  the  observations  be  made  to  the  south ; 

0=d— Z  if  to  the  north,  above  the  pole  ; 

^=180°-  (<5+Z)  if  to  the  north,  below  the  pole. 

The  following  observations  were  made  at  Q-reenwioh  in  1851 : 

Stars  South  of  the  Zenith. 
February  10,  1851. 

ObMrvfld  ZMkH  Distalkce.         ReAndtton.  True  Z«nltlt  DlManoe. 

PoUux 230    6^  24^^05+     25^^80=     23°    5M9^^85 

Star's  declination=     28°  22^  47^^70 
Latitude  =     51°  28^  a7'''.55 
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July  10, 1861. 

ObMrred  Zenith  Distance.      ReOnaeUon.  Troe  Zenith  Dlctnaee. 

Antares  ....  77°  30^  1^^54+4'  15^^48=     77°  34^  27^^02 

Star's  decUnation=  -26°    5M8^50 
Latitude  =     51°  28^  38^^52 

June  30,  1851. 

Sun.  Observed  zenith  distance  of  upper  limb,     27°  69"  39^^53 

semi-diameter,    + 16'  46'".05 

refraction,  +29'''.49 

paraUax,  -3"^93 

true  zenith  distance  of  centre  =     28°  16"  61"".14 

Sun's  declination  =  +23°  12"  47"".30 

Latitude  =     61°  28"  38"".44 

The  method  of  computing  the  sun's  parallax  will  be  explained 

in  Article  206. 

Star  North  of  the  Zenith,  and  above  the  Pole. 
June  29,  1851. 

Obeenred  Zenith  Disunee.    Reflraction.  True  Zenith  Distance. 

a  Ursfie  Majoris,      11°    4"  39"'.01-M0""96=     11°    4"  49.""97 

Star's  declination  =  +62°  33"  26"".69 
Latitude  =     51°  28"  36"".72 

Star  below  the  Pole. 
January  27, 1861. 

Obaerved  Zenith  Distance.       Refyaction.  Tnie  Zenith  Distance. 

0  Urs8B  Minoris,  63°  44'  24".60+l'  20".69=  53°  45'  45".29 

Star's  declination  =  74°  45'  37".79 
Sum  =128°  31'  23".08 
Latitude  =  51°  28' 36",92 

THIRD   METHOD.  ^ 

(174.)  By  circum-meridian  altitudes. 

The  preceding  method  gives  but  one  value  of  the  latitude,  be- 
cause the  star  can  only  be  observed  at  the  instant  when  it  crosses 
the  meridian.  But  where  the  observer  is  furnished  with  an  al- 
titude and  azimuth  instrument,  a  repeating  circle  or  sextant,  we 
may  render  any  number  of  observations  made  on  each  side  of 
the  meridian,  and  at  a  short  distance  from  it,  equal  in  accuracy 
to  those  which  are  made  at  the  moment  of  culmination.     For 
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this  purpose,  we  must  know  the  distance  (in  time)  of  the  star 
from  the  meridian  at  the  instant  of  each  observation,  and  we 
can  compute  the  correction  which  ought  to  be  appUed  to  the 
zenith  distance  observed. 

Let  P  be  the  pole,  Z  the  zenith 
of  the  place  of  observation,  PZM  a 
meridian,  S  a  star  near  to  the  me- 
ridian, M  the  point  where  this  star 
crosses  the  meridian,  and  PS  an 
hour  circle  passing  through  the  star. 
Suppose  the  zenith  distance,  ZS,  of  the  star  has  been  measured, 
and  corrected  for  refraction,  and  also  for  parallax,  when  the  sun 
or  a  planet  has  been  observed ;  it  is  required  to  compute  the 
zenith  distance,  ZM,  of  the  star  when  on  the  meridian.  Now 
from  the  figure  we  perceive  that 

PS=90o-(J, 
PZ =900-0, 
ZM=PM-PZ=0-d=(Z), 
the  zenith  distance  o(  the  star  on  the  meridian. 

With  Z  as  a  centre,  describe  the  arc  SN,  and  the  point  N  will 
be  at  the  same  altitude  as  S.  It  is  required  to  compute  MN  =:x, 
the  quantity  which  the  star  must  rise  from  S,  before  it  reaches 
the  meridian. 

By  Trig.,  Art.  225, 

COS.  a=cos.  b  cos.  c+sin.  b  sin.  c  cos.  A. 
But  COS.  A = 1  -  2  sin.  ^  A.    Trig.,  Art.  74. 

Hence 

COS.  a=cos.  b  COS.  c+sin.  b  sin.  c— 2  sin.  b  sin.  c  sin.  ^X. 
Also,  COS.  b  COS.  c+sin.  b  sin.  c=cos.  {b—c).     Trig.,  Art.  72. 
Hence  cos.  a=co8.  (6— c)— 2  sin.  b  sin.  c  sin.  *}A. 
Applying  this  formula  to  the  triangle  PZS,  and  representing 
the  angle  ZPS  by  P,  we  have 

cos.  ZS=co8.  (PS-PZ)-2  sin.  PZ  sm.  PS  sin.  ^JP 

=:cos.  Z— 2  COS.  0  cos.  d  sin.  *JP (1) 

But  ZS=ZM+a;. 

Hence 

COS.  ZS=cos.  ZM  COS.  a;— sin.  ZM  sin.  x.     Trig.,  Art.  72. 
But,  since  x  is  supposed  to  be  a  small  arc,  we  may  put 
x=sin.  X, 
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a? 
and  COS.  a;=l— — +,eto.     Calculus,  p.  174 

Henoe  we  obtain 

COS,  ZS=:co8.  ZM(1— ^+,  eto.)-x  sin.  ZM 

=cos.  Z— Jx*  cos.  Z— a;  sin.  Z. 
Therefore  equation  (1)  becomes 
cos.  Z—^a?  COS.  Z—rc  sin.  Z=oos.  Z—2  cos.  <f>  cos.  <J  sin.  *iP, 
or  ia:^  COS.  Z+x  sin.  Z=2  COS.  0  cos.  (5  sin.  *JP  .  .  (2) 

If  we  neglect  the  term  containing  a;^,  and  suppose  a;  to  be  ex- 
pressed in  seconds,  we  shall  have 

_2  sin.  ^^P  COS.  ^  COS.  d 

^""        sin.  V  sin.  Z        ' 

which  formula  is  sufficiently  accurate,  when  the  hour  angle  does 

not  exceed  ten  minutes.     If  a  further  approximation  is  required, 

it  may  be  obtained  as  follows: 

Divide  equation  (2)  by  sin.  Z,  and  we  obtain 

.12     J.  r,    2  sin.  ^V  COS.  A  cos.  d 

x+^ar  cot.  Z= =-: — =j^ . 

sm.  Z 

Represent  the  second  member  of  this  equation  by  B,  and 
i  cot.  Z  by  A,  then  x  +Ax^  =  B, 

or  a;=B— Aa;^ 

But  B  is  the  approximate  value  of  x  before  found ;  hence^  for 
a  second  approximation,  we  shall  have 
a;=B^AB^ 
or,  supposing  a;  to  be  expressed  in  seconds, 

_2  sin.^iP  COS.  <l>  COS.. J    /sin.  ^jT  cos.  0  cos.  dV  ^  oo^  Z      ,n^ 
^~       sin.  V  sin.  Z  V  sinTZ  /  "smJF  '  ^  ' 

which  is  the  correction  to  be  subtracted  from  the  zenith  distan- 
ces observed  near  the  meridian,  for  an  upper  culmination,  in  or- 
der to  obtain  the  true  meridional  zenith  distanoe. 

Ex.  1.  On  the  23d  of  February,  1850,  the  zenith  distabce  of 
a  Orionis  was  observed  at  Greenwich,  20m.  26JiBa.  before  com- 
ing to  the  meridian,  to  be  44^  18^  80^^31,  the  declination  of  the 
star  being  7°  22'  14^^74  N.  Required  the  reduction  to  the  me- 
ridian and  the  resulting  latitude. 

Here  Pr=:20m.  26.25s.;  tiieiefore  iP:?=10i&.  18.128.,  which, 
reduced  to  arc,  is  2°  33"  W\9. 
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sin.        2°  33^  16^^9= 8.649071 

8.649071  w^ =4.4926 

COS.  ^,  51<^  28'  38''    =9.794366  cot.  2r=0.0135 

COS.  (5,    7°  22' 16''    =9.996396  2  ooseo.  1"=5.6155 

00960.^,44°    6' 23"    =0.167394  1".32=0.1216 

m=7.246298 
2  00860.  1"      =5.616455 
72r'.37=2.861753 
Thereforo 

a;=727".37~l".32=72e".05. 
Henoe  we  have 

Observed  zenith  distance  =44°  18'  30".31 
Reduction  to  the  meridian  =  — 12'  6".06 
Corrected  zenith  distance  =44°  "6'"24'^26 
Star's  declination  =  7°  22'  14".74 

Latitude  =51°  28'  39".00 

(176.)  To  diminish  the  labor  of  these  reductions,  Table  X.  has 

2  sin  ^iP 
been  computed,  in  which  Fart  I.  gives  the  value  of  — ,     \      ; 

sin.  1" 

and  the  argument  of  the  table  is  the  distance  (in  time)  of  the 
star  from  the  meridian.  This  value  (or  the  sum  of  those  values 
divided  by  the  number  of  observations,  if  more  than  one  observa- 
tion has  been  made)  must  be  multiplied  by  — ' .     _  '    .     Part 

sin.  Z 

2  sin  ""iP 
11.  of  the  table  ooDitatns  the  valne-of  — .— V!r-j  which  must  be 

sin.  1" 

multiplied  by  I  — ';    ^-  I  oot  Z.    This  second  correotion  may 

generally  be  omitted  when  the  distance  from  the. meridian  does 
not  exoeed  ten  minutes. 

Ex.  2.  The  following  observations  of  Polaris  at  its  upper  cuk 
mination  were  made  at  Washington  Observatory,  November  26, 
1846,  the  altitude  of  the  star  having  been  observed.at  each  vert* 
ioal  wire  of  the  mural  circle.  In  the  foUowing  table,-  cdonm 
first  shows  the  wive  at  wfaidi  the  obeervatian  was  made,'  cohxmn 
second  Aows  the  hour  angle  of  the  star  frani  Hae  meridian,  and 
oolumo  third  ahawa  the  obaorvod  zenith  diatanees  ooTrected  for 
error  of  runs : 
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Wire. 

Hour  anglei. 

Zenith  Distances. 

TlU«X. 

1 

29  25!5 

49  35  27.92 

1697.65 

2 

19  34.5 

35    2.86 

751.95 

3 

9  49.5 

34  48.12 

189.50 

4 

0  13.5 

34  43.74 

0.10 

5 

9  33.5 

34  48.27 

179.35 

6 

19  13.5 

35    2.56 

725.25 

7 

29    0.5 

35  28.07 

1649.95 

Means 

49  35    3.07 

741.96 

Column  fourth  contains  the  numbers  from  Table  X.  corre- 
sponding to  the  hour  angles  in  column  second.  The  mean  of 
these  numbers  is  741^^96.  The  reduction  to  the  meridian  is 
then  computed  as  follows : 

741^^96=2.87038 

COS.  0,  380  53/  39^^=9.89115 

co^,  A  88°  29^  34^^=8.42000 

oosec'z,  490  35^  55^^=0.11832 

Reduction  =  19^^95= 1.29985 

The  latitude  will  then  be  obtained  as  follows : 

Mean  of  observed  zenith  distances =49°  35'    3'^07 


Reduction  to  the  meridian 

Refraction 

Corrected  zenith  distance 

Star's  declination 

Latitude 


-19' 
+  V  IV 


.95 
.08 


=490  35'54''.20 
=88°  29^  34'M5 


=38°  53'  39".95 
(176.)  In  the  preceding  reductions  it  is  necessary  to  know  the 
distance  (in  time)  of  the  sun  or  star  from  the  meridian,  or  the 
hour  angles,  at  the  moment  of  each  observation.  These  hour 
angles  are  determined  by  the  chronometer;  and  it  is  desirable 
that  its  motion  should  correspond  to  that  of  the  object  observed ; 
that  is,  if  the  sun  be  the  object,  the  chronometer  should  be  ad- 
justed to  mean  solar  time ;  and  if  a  star  be  the  object,  the  chro- 
nometer should  be  adjusted  to  sidereal  time.  This,  however,  is 
not  necessary,  since  a  correction  may  be  readily  applied  so  as  to 
reduce  the  rate  either  from  mean  solar  to  sidereal,  or  from  si- 
dereal to  mean  solar  time.  A  further  correction  is  also  necessary 
in  all  cases  where  the  chronometer  has  a  gaining  or  a  losing  rate 
on  either  mean  solar  or  sidereal  time.  This  correction  is  ob- 
tained in  the  following  manner : 
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If  the  clock  in  24  honrs  loses  r  seconds^  ihen,  instead  of  86400 

beats  in  a  day,  it  will  make  only  86400— r.    The  true  value  of 

an  hour  angle,  P,  noted  by  such  a  clock,  is 

p  86400  p/,  .         r       \ 

^•86400-r'  "*  X    86400-r; ' 

that  iS|  the  observed  hour  angle  should  be  multiplied  by  the 

factor 


86400-r 

The  principal  term  of  formula  (3)  for  the  reduction  on  page 
142  contains  the  &ator  sin.  ^^P,  which  must  therefore  be  mul- 
tiplied by  the  square  of  the  above  factor,  which  is  nearly  equal  to 

^86400~r 
If  the  clock  indicates  mean  solar  time,  and  we  are  observing  a 
star,  the  dock  loses  235.909s.  in  24  hours,  when  compared  with 
the  progress  of  the  star,  and  we  must  take  r =23d.909s.,  and  the 
preceding  &ctcMr  becomes 

1.005476, 
and  its  logarithm  is 

0.0023715. 

In  a  similar  manner  we  obtain  the  correction  for  a  loss  or  gain 
of  1,  2,  3,  etc.,  seconds  per  day  of  the  chronometer.  This  cor- 
rection has  been  computed,  and  is  appended  to  Table  X.,  which 
gives  the  logarithm  of  the  factor  to  be  employed  for  a  daily  rate 
of  the  clock  or  chronometer,  amounting  to  li:  30  seconds.  These 
values  are  in  all  cases  additive. 

Ex.  3.  On  the  18th  of  October,  1841,  near  the  River  St.  John's, 
in  latitude  about.  46^  53^  30^^,  the  following  observations  were 
made  on  the  star  a  Ceti,  declination  3^  28'  8''.2  N.  Column 
first  shows  the  number  of  the  observation,  column  second  shows 
the  hour  angle  of  the  star  firom  the  meridian,  and  column  third 
shows  the  observed  altitude  corrected  for  the  error  of  the  sex- 
tant The  chronometer  was  regulated  to  mean  solar  time,  and 
had  a  daily  losing  rate  of  2.78. 

K 
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T.U.X.                      1 

OIw. 

Hour  Angle*. 

Put  I. 

Fan  II. 

1 

m.        «. 

14  30.0 

46  28  45 

412.70 

0.41 

2 

10  50.3 

46  31  45 

230.54 

0.13 

3 

6     0.0 

46  34  35 

49.10 

0.01 

4 

1  59.7 

46  35  25 

7.77 

0.00 

5 

2    3.0 

46  35  30 

8.20 

0.00 

6 

5    6.5 

46  34  45 

51.25 

0.01 

7 

7  21.7 

46  33  50 

106.45 

0.03 

8 

13    7.3 

46  30    0 

337.97 

0.28 

9 

16  40.1 

46  26  35 

545.39 

0.72 

Means 

46  32  21.1 

194.37 

0.18 

Column  fourth  contains  the  numbers  from  Part  I.,  Table  X., 
corresponding  to  the  hour  angles  in  column  second.  Golunm 
fifth  contains  the  numbers  from  Part  II.,  Table  X.  The  reduc- 
tion to  the  meridian  is  then  computed  as  foUows : 

COS.  <t>,  460  63^  30^^=9.834662 

COS.  6y    30  28'    8^^=9.999204 


ni' 


2 


9.993 


coaeo.  z,  43°  25'  22"= 

=0.162805 

cot.  z= 

=0.023 

m- 

=9.996671 

0.18= 

=9.255 

194".37= 

=2.288629 

0.19= 

=9.271 

On  aocount  of  mean  solar  time: 

=0.002371 

On  account  of  rate  of  dock       = 

=0.000027 

193".95= 

=2.287698 

Therefore       a;=193".95-0".19=193" 

■.76. 

Hence  we  have  the  foUowing 

results: 

Observed  zenith  distance  =43° 

27' 

38".9 

Redacti(m  to  the  meridian— 

-3' 

IS^-S 

Refraction 

= 

■f 

55".8 

Corrected  zenith  distance  —43° 

25'  20".9 

Star's  declination 

=  3° 

28' 

8".2 

Latitude 

=46° 

63' 

29".l 

(177.)  When  the  sun  is  the  object  observed,  we  must  take 
into  aocount  tiie  change  of  declination  daring  the  interval  of  Hie 
observations ;  for  the  observed  altitude,  corrected  in  Hie  manner 
before  explained,  will  not  be  equal  to  the  meridian  altitude,  but 
will  differ  from  it  by  the  change  in  the  sun's  declination.  Let 
the  change  of  the  sun's  declination  in  one  minute  of  time  be  de- 
noted by  dSf  which  is  positive  when  the  sun  is  approaching  the 
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elevated  pole ;  and  if  P  is  the  sun's  hour  angle  at  the  time  of 
obserration,  which  is  negative  before  the  sun  arrives  at  the  me- 
ridian and  afterwavd  positive,  the  whole  change  of  declination  is 
Fddf  which  is  the  correction  to  be  applied  to  the  altitude  found 
by  Art  176  to  obtain  the  true  meridiaii  altitude.  When  sev- 
eral observations  have  been  made,  the  mean  of  the  values  found 
by  Art.  176  is  to  be  diminished  by  the  mean  of  the  values  of 
P(2d.  But  the  hour  angles  have  contnury  signs  on  opposite  sides 
of  the  meridian;  hence,  if  we  make  E=:the  fsam  of  the  hour 
angles  observed  on  the  east  side  of  the  meridian,  and  W=the 
sum  of  the  hour  angles  observed  on  the  west  side,  (E— W)d(5 
will  be  the  correction  for  the  sum  of  the  observed  distances.  If 
we  make  71= the  number  of  the  observations,  the  mean  correction 
to  be  applied  to  the  mean  of  all  the  observed  zenith  distances 
will  be 


^(E. 
n^ 


■W), 


where  E  and  W  are  expressed  in  minutes  of  time. 

Ex.  4.  At  a  station  in  Lat.  61°  32'  N.  nearly,  the  correct 
central  altitudes  of  the  sun  on  the  11th  of  March  were  determ- 


y  obserraoon,  as  foil 

Qws: 

AMlMitt. 

Hour  AnglM. 

ByTaUeX. 

84  54  46 

9  41  E. 

184.1 

65  26 

8  19  E. 

135.8 

56    8 

6  39  E. 

86.8 

56  31 

5  16  E. 

54.5 

56  53 

3  49  E. 

28.6 

57    6 

2  47  E. 

15.2 

67  18 

0  19  W. 

0.2 

67  11 

2    5W. 

8.6    . 

67    3. 

,3    9W. 

19.6 

56  48 

4  36W. 

41.5 

56  26 

6    8W. 

73.9 

The  sun's  meridian  declination  was  3°  3(K  38^'  S.,  and  it  was 
decreasing  at  the  rate  of  (K^98  in  a  minute.  What  was  the  true 
latitude? 

Entering  Table  X.  with  the  hour  angles  given  above,  we  oh^ 
tain  the  values  set  down  in  the  last  column,  the  sum  of  which, 
being  divided  by  11,  will  give  68''.96 ;  whence,  by  formula  (3), 
page  142,  we  obtain  the  reduction  to  the  meridian,  44^^.7. 
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The  sum  of  the  eastern  hour  angles,  diminished  by  the  sum 
of  the  western,  and  divided  by  11,  gives  Im.  50.3s.,  which,  mul- 
tiplied by  0^^.98,  gives  1^^.8  for  the  oorrection  for  change  of  dec- 
hnation. 

Hence  we  have  the  following  results : 

Mean  of  the  observed  altitudes         =     34^  56'  a(y\5 
Reduction  to  the  meridian  =  +44^^.7 

Correction  for  change  of  declination=     -f  1^^8 

Concluded  meridian  altitude  =     34°  67'  17"'.0 

Zenith  distance  =     55°    2' 43'' 

Sun's  declination  =  -  3°  30' 38'^ 

Latitude  =     51°  32'    5"  N. 

FOURTH   METHOD. 

(178.)  By  a  single  altitude^  the  time  of  observation  being 
known. 

Let  Z  be  the  zenith  of  the  ob- 
server, F  the  pole,  S  a  star  whose 
altitude  is  measured  at  a  known 
instant  of  time.  Then,  in  the. 
spherical  triangle  ZPS,  we  have 
given  PS=90Q -<J,  ZS=Z,  and  the 
hour  angle  ZPS,  to  find  PZ. 

From  S  let  fall  the  perpendicular  SM  upon  PZ  produced. 
Then,  by  Napier's  rule,  we  shall  have 

R.  COS.  P=tang.  PM  cot.  PS=tang.  PM  tang.  6. 

Hence  tang.  PM=cos.  P  cot.  6 (1) 

MZ=PM-PZ=PM+^-.90o. 
Also,  Trig.,  Art.  216, 

COS.  PM :  COS.  ZM : :  cos.  PS :  cos.  ZS, 
or  COS.  PM :  sin.  (PM+^) ::  sin.  6 : cos.  Z. 

TT  /nir  ,    ^\      COS.  Z  cos.  PM  .g.. 

Hence  sm.  (PM+0)= ; — (2) 

sm.  o 

Equation  (1)  furnishes  the  value  d[  PM,  and  equation  (2) 
furnishes  the  value  of  PM+^.  The  difference  between  these 
quantities  is  ^,  the  latitude  required. 

Ex.  1.  At  Ih.  14m.  11.6s.  apparent  time,  the  true  altitude 
of  the  son  was  33<^  40'  35".6,  and  his  declination  6°  15'  28",0  S. 
Required  the  latitude  of  the  place. 
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By  equation  (1),  oos.  18^  32^  54'^  =9.976834 

cot    6°  15^  28^^  =1.036099w 

PM=95o  32'  39'^taiig.=1.012933» 
By  equation  (2), 

008.  56°  W  24''.5=9.743904 
COS.  PM=8.985035i» 
oosec.  (y=l.Q37930» 
PM+0=144o  13'  28''  sin.=9.766869 
PM=  950  32' 39" 
^=  48°  4^  49" 
Ex.  2.  At  a  place  in  Lat.  42^  34'  N.  nearly,  tiie  altitude  of 
Aldebaran  (Deo.  16^  12'  26"  N.)  was  found  by  observation  to 
be  390  2'  10",  when  its  hour  angle  was  3h.  26m.  40s.     What 
was  the  latitude  of  the  place  ?  Am.  42°  34'  66". 

Ex.  3.  At  a  place  in  Lat.  41°  25'  nearly,  the  altitude  of  Beg- 
ulus  (Deo.  12°  41'  18"  N.)  was  found  by  observation  to  be  41° 
5'  20",  when  its  hour  angle  was  3h.  2m.  21s.  What  was  the 
latitude  of  the  place  ?  Ans.  41°  25'  47". 

Ex.  4.  On  the  27fli  of  February,  1860,  the  zenith  distance  of 
Procyon  (Deo.  5°  36'  6".7  N.)  was  observed  at  Greenwich  to  be 
48°  48'  34".06,  when  its  hour  angle  from  the  meridian  was  Ih. 
20m.  18.13s.  It  is  required  to  deduce  the  latitude  from  this  ob- 
servation. Ans. 

Thb  method  is  deficient  in  accuracy  when  the  observations 
are  made  bj  from  the  meridian,  because  a  small  error  in  the 
hour  angle  produces  a  large  error  in  the  computed  value  of  the 
latitude.  The  observations  should,  therefore,  al- 
ways be  made  as  near  as  possible  to  the  meridian. 

FIFTH    METHOD. 

(179.)  Bp  observations  of  the  pole  star  at  any 
time  of  the  day. 

Let  P  be  the  pole,  Z  the  zenith,  ZPN  the  merid- 
ian of  the  place  of  observation,  and  S  the  pole  star 
in  any  point  of  its  diurnal  circle,  SBS'.  Then  we 
shall  have  ZP =90o -^,  ZS=90o  -H,  H  being  the 
observed  height  of  the  star  corrected  for  refraction. 
Represent  the  polar  distance,  PS,  by  d.  Since 
the  arc  rf  is  at  present  less  than  90',  tiie  sides  ZP, 
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ZS,  differ  only  by  a  small  aro,  x,  whioh  we  propose 
to  calculate. 

Let     ZP-ZS=a;;  that  is,  H-^=a;, 
or  0=H— a:. 

Represent  the  hour  angle  21PS  by  P.     The  spher- 
ical triangle  ZPS  furnishes  by  Trig.,  Art.  225, 

COS.  ZS=co8.  PS  cos.  PZ+sin.  PS  sin.  PZ  cos.  P, 
'or 

sin.  H = cos.  cf  sin.  (H — re) + sin.  rf  cos.  (H — x)  COS.  P. 
By  substituting  the  values  of  sin.  (H— x),  and 
COS.  (H— x),  Trig.,  Art.  72,  and  dividing  the  whole 
equation  by  sin.  H,  we  obtain 
l=cos.  d  (cos.  x—sin.  x  cot.  H) 

+sin.  d  (cos.  x  cot.  H+sin.  x)  cos.  P, 
or  l=cos.  X  (cos.  rf+sin.  d  cot  H  cos.  P) 

—sin.  X  (cos.  d  cot.  H— sin.  d  cos.  P). 
Let  us  put 

a=cos.  rf+sin.  d  cot.  H  cos.  P, 
6=008.  d  cot.  H— sin.  d  cos.  P, 
and  we  have 

l=a^  006.  x—b  sin.  x (1) 

But  by  Calculus,  Art.  228, 

sm.  y=3^-^+-^_^,  eto. 

cos.y=l-|-+^-,etc. 
Therefore 

a=l+d  COS.  P  cot.  H— jr~—  cos.  P  cot.  H+,  eta 
2      6 

fP  (P 

6=cot.  H— rf  COS.  P— «•  <^*-  ^+ a"  ^^^**'  ^+>  ®*^* 

Let  us  now  assume 

x=Ad+B(P+Cd^+,eto (2) 

where  A,  B,  and  C  represent  unknown  coefficients  independent 
ofrf. 

Then  we  shall  have 

COS.  x=l AB(P+,  etc. 
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sin.  a;=Arf+RP+(  C-^  kp+,  etc. 


(c4>+' 


Sttbstitating  in  equation  (1)  tiie  values  of  a,  by  wl  Xj  and 
COS.  Xf  arranging  the  terms  in  the  order  of  the  powers  of  dy  and 
retaining  all  the  terms  whioh  contain  the  first  three  powers  of  dj 
we  obtain 

l=l+cos.  P  cot.  KJ~~  COS.  P  cot.  H 
«      o 

_^_A^  008.  P  cot.  H-.ABrf' 


-A  oot  B.J+A  COS.  P,«P+-5-  cot.  H+R?  COS.  P 
-B  cot  H.d»-/'c-:^W.  H.rf', 


.-(o4), 


Since  this  equation  must  be  verified  by  any  value  of  dy  the 
terms  involving  the  same  powers  of  d  must  cancel  each  other. 
Algebra,  Art  300. 

Hence, 

First,    cos.  P  cot.  H— A  cot  H=0 ;  whence  A=coe.  P. 

Second.       -i-:^+A  cos.  P-B  cot  H=0. 

Therefore, 

Ti     X  XT           2r»    COS.  *P     -     cos.  *P— 1        sin.  *P 
B  oot  Hsrooa  »P g i= g = g— . 

Hence  B  = ^ — tang.  H. 

mr  •  ^  COS.  P      A*  COS.  P 

Third. 


i-C-^l-- 


6  2 

Whence,  substituting  the  value  of  A  already  found, 
3C  =  C08.  P-cos.  3p 
=cos.  P(l-cos.«P) 
=008.  P  sin.  *P. 
Therefore, 

C  =  icos.  Psin.  2P. 

Substituting  these  values  in  equation  (2),  we  obtain 
x=d  cds.  P-i  sin-  ^P  tang.  UuP+i  cos.  P  sin.  ^PcP. 

In  order  that  x  and  d  may  be  expressed  in  seconds  of  arc,  we 
must  change  these  letters  into  x  sin.  V^  and  d  sin.  1^^ ;  whence 
we  have 
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^=H-rf  COB.  P+i  sin.  1"  (d  sin.  P)»  tang.  H 

-i  sin.  *1"  {d  cos.  P)  (rf  sin.  P)» (3) 

The  last  tenn  of  thb  equation  never  amoonts  to  half  a  sec- 
ond, and  may  therefore  generally  be  omitted. 

Ex.  1.  The  altitade  of  the  pole  star  being  found  46o  IT  28", 
the  hour  angle  5h.  42m.  4.4s.  from  the  upper  culminaticHi,  and 
the  polar  distance  1°  28'  T'JSS;  required  the  latitude  of  the 
place. 

O(»nputation  by  formula  (3), 
rf=6287".68 =3.72327         rf=3.7233       rfoo8.P=2.616 
008.  P,  850  31' 6"=a89287  sin.  P= 9.9987   <rf  an.  P)»= 7.444 
413".2 =2.61614  3.7220     j  sin.  »1"= 8.894 

3.7220  0".1= 8.954 

tang.  H,  0.0196 
1  sin.  1"=4.3845 
70".5= 1.8481 

Result. 
Observed  altitude,  H=46°  17'  28".0 

first  correction,  =  -6'53".2 
second  oorrecti(»,  =  +1'  10".5 
third  correction,      =  — 0".l 

Latitude  =46°  11'  45".2 
The  computation  may  also  be  performed  by  the  fcxmuks  <£ 
Art  178. 

oo8.P=  8.892874 

cot.  d=  8.408935 

PM=6'53".3  tang.=  7.301809 

sin.  H=9.8590542 
cos.  PM= 9.9999991 
ooseo.  d=0.0001427 
PM+^=46o  18'  38".6=9.8591960 
PM=  6'  53".3 

Latitude=46o  11'  46".2 
The  method  of  Art.  178  is  about  as  convenient  as  the  one 
here  explained,  except  that,  when  great  accuracy  is  demanded, 
the  former  method  requires  logarithms  to  seven  places. 

Ex.  2.  The  altitude  of  the  pole  star  being  43°  2'  38"  when 
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tiie  hoar  angle  was  76^  (y  2''  from  the  upper  culmination,  and 
itB  Dec.  88°  31^  62^^32 ;  required  the  latitude  of  the  observer. 

An*.  42°  42^  18^^2. 
Ex.  3.  The  altitude  of  the  pole  star  being  found  39^  V  Z^\ 
the  hour  angle  5h.  36m.  41s.  from  the  upper  culmination,  and 
the  polar  distance  1^  28^  7^^.68 ;  required  the  latitude  of  the 
place-  Am.  38^  63'  36'^2. 

SIXTH    METHOD. 

(180.)  By  observing  the  difference  of  the  meridional  zenith 
distances  of  two  stars  on  opposite  sides  of  the  zenith. 

If  we  select  two  stars  whose  places  are  well  known,  one  of 
which  culminates  to  the  north,  and  the  other  to  the  south  of 
the  observer,  at  nearly  the  same  distances  from  the  zenith,  and 
within  a  short  interval  of  time,  and  measure  accurately  the 
difference  of  their  zenith  distances,  the  latitude  of  the  place  of 
observation  may  thence  be  easily  deduced.  If  we  represent  the 
zenith  distance  of  the,  northern  star  by  Z.,  and  that  of  the  south- 
em  star  by  Z. ;  also  the  declination  of  the  northern  star  by  Jo, 
and  that  of  the  southern  6tar  by  d.,  then,  by  Art.  173,  we  shall 
have 

0  =  <5n  — Zn. 

Hence  20=<J.+(Jo+Z.-Z«; 

that  is,  the  sum  of  the  declinations  of  the  two  stars  (which  are 
given  by  the  catalogue),  added  to  the  difference  of  their  zenith 
distances,  gives  twice  the  latitude  of  the  place. 

(181.)  The  instrument  employed  in  measuring  the  difference 
of  the  zenith  distances  is  called  the  Zenith  Telescope.  The 
figure  on  the  next  page  represents  this  instrument  in  the  form 
now  used  in  the  coast  survey  of  the  United  States. 

A,  A  are  two  of  the  feet  screws  which  support  the  entire  in- 
strument, and  by  which  the  column  carrying  the  telescope  is 
rendered  truly  vertical. 

C,  C  is  the  horizontal  circle,  12  inches  in  diameter,  graduated 
to  1(K,  and  reading  to  IC,  by  means  of  its  vernier  and  micros- 
cope V. 

B  is  the  tangent  screw  for  slow  motion. 

This  circle  serves  to  mark  the  position  of  the  meridian,  when 
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it  has  onod  been  deteimined,  and  likewise  enables  the  observer 
to  tarn  the  telescope  promptly  through  180^  in  azimath. 

D  is  the  vertical  oohimn  which  supports  the  telescope,  and 
about  which  the  telescope  turns  freely  in  azimuth. 

E  is  a  horizontal  axis,  to  one  end  of  which  is  attached  the 
telescope,  TT^  which  is  counterpoised  by  the  weight  W,  at  the 
other  end 

This  axis  is  hoUow,  and  through  it  passes  the  light  of  the 
lamp,  H,  to  illumine  the  wires  of  the  telescope.  The  telescope 
has  a  focal  length  of  about  40  inches,  and  an  aperture  of  3  inche& 

L  is  a  level  resting  upon  the  horizontal  axis,  by  means  of 
which  the  column  J)  is  rendered  truly  vertical. 

M  is  a  graduated  semicircle  attached  to  the  telescope,  and 
having  a  vernier,  N,  with  a  microscope.  This  semicircle  serves 
as  a  finder  for  setting  the  telescope  to  the  altitude  of  the  stars 
to  be  observed. 

8,  S  is  a  very  delicate  level  attcu^ed  to  the  semicircle. 

P  is  the  parallel  wire  micrometer  for  measuring  small  differ- 
ences of  altitude,  having  three  fixed  vertical,  and  two  movable 
horizontal  wires. 

R  is  the  diagonal  eye-piece,  which  is  made  of  unusual  length, 
80  that  the  micrometer  may  not  interfere  with  the  observations. 
The  eye-pieces  employed  have  a  field  of  view  of  firom  10^  to  15^. 

(182.)  Method  of  Oftseri^a^fon.— Select  a  pair  of  stars,  the 
difference  of  whose  zenith  distances  does  not  exceed  a  convenient 
range  of  the  micrometer,  say  ten  minutes,  one  of  which  culmi- 
nates to  the  north,  and  the  other  south  of  the  zenith.  Having 
leveled  the  instrument,  set  the  telescope  to  an  altitude  midway 
between  the  two  stars,  and  bring  the  bubble  of  Ihe  level  S  to  the 
middle  of  its  scale.  Bring  the  telescope  into  the  plane  of  the 
meridian  by  setting  the  vernier  of  the  horizontal  circle  to  the 
point  previously  determined.  As  the  first  star  enters  the  field 
of  view,  follow  its  image  with  one  of  the  horizontal  wires,  and 
bisect  it  at  the  instant  it  crosses  the  middle  vertical  wire.  Re- 
cord the  position  of  the  level  S,  noting  the  divisions  correspond- 
ing to  each  extremity  of  the  bubble.  Turn  the  telescope  180^ 
in  azimuth,  being  careful  to  preserve  the  same  inclination  to  the 
horizon,  and  make  a  similar  observation  upon  the  second  star, 
bisecting  it  with  the  other  horizontal  wire. 
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A  oomparison  of  the  readings  of  the  two  micrometer  screws 
will  give  the  differenc^f  zenitii  distance  of  the  two  stars,  which 
most  be  corrected  by  the  readings  of  the  level,  if  the  readings 
at  each  extremity  are  not  the  same  in  both  cases ;  and  also  for 
the  difference  of  the  refractions  of  the  two  stars. 

The  stars  should  be  so  selected  that  their  zenith  distances 
may  be  as  smaU  as  practicable,  and  should  in  no  case  exceed 
25  degrees. 

The  following  observations,  made  at  Mount  Independence, 
Maine,  one  of  the  coast  survey  stations,  September  25,  1849, 
will  illustrate  this  method.  The  pair  of  stars  employed  con- 
sisted of  Nos.  6983  and  6996  of  the  British  Association  cata- 
logue, whose  apparent  places  were 


No. 

Rifbt  AMendon. 

DMttnuhn. 

6983 
6996 

20  lb  5o!o5 

20  12  48.19 

47  15  40.70 
40  16  19.21 

The  formula  for  latitude  is 

2^  =  4  +  d,  +  Z.-Zn. 

Here  <J,+d.=87o  31^  59^^91 ;  Z.-Z.  was  found,  by  observa- 
tion, equal  to  -5(y^29.  Therefore  2^=87o  31"  9"^62.  The 
observations  indicated  no  correction  for  level ;  and  the  conec* 
tion  for  difference  of  refraction  was  — 0"^02.  Hence  the  final 
latitude  is  43^  45"  34^80. 

September  27th,  the  same  stars  were  again  observed,  when 
rf,+(J„  equaled  87°  32"  0"".40;  Z.-Z.  was  found  equal  to 
-  49"".43.  The  correction  for  level  was  +  0"".90,  and  for  refrac- 
tion -0"".02,  from  which  we  deduce  the  latitude,  43^  45"  35"".92. 

(183.)  This  method  of  determining  latitude  possesses  the  fol- 
lowing advantages :  1.  It  eliminates  almost  entirely  the  effect 
of  atmospheric  refraction,  since  we  only  require  the  difference 
of  refraction  of  the  two  stars.  With  a  zenith  distance  of  25  de- 
grees, and  a  difference  of  altitude  of  24"  between  the  two  stars, 
this  difference  of  refraction  does  not  exceed  half  a  second  of 
arc.  The  observations  are  generally  made  much  nearer  to  the 
zenith  than  25^,  and  the  difference  of  altitude  is  commonly  but 
a  few  minutes. 

2.  The  angular  measurements  required  are  made  by  means 
of  a  micrometer,  so  that  there  is  no  occasion  for  a  large  gradu- 
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ated  circle,  the  semicircle  attached  to  the  telescope  being  used 
merely  as  a  finder. 

The  chief  objection  to  this  method  is,  that  the  resulting  lati* 
tade  is  affected  by  any  error  which  may  exist  in  the  assumed 
declinations  of  the  stars  employed,  and  we  are  generally  obliged 
to  make  our  selections  from  stars  whose  places  have  not  beeq 
determined  with  the  greatest  accuracy.  When  accurate  de% 
terminations  of  the  stars  employed  can  be  obtained  with  the 
large  instruments  of  a  fixed  observatory,  this  objection  is  mostly 
obviated. 

SEVENTH    METHOD. 

(184.)  By  observations  with  a  transit  instrument  in  the 
prime  vertical. 

This  method  supposes  the  transit  instrument  to  be  placed 
with  its  supports  north  and  south,  so  that  the  telescope,  when 
directed  toward  the  horizon,  points  due  east  and  west.  We 
must  then  observe  the  passage  of  some  known  star  over  the 
same  wires  when  the  telescope  is  pointing  west.  From  these 
observations  we  may  determine  the  latitude  of  the  place,  or 
the  declination  of  the  star,  when  either  of  these  quantities  is 
known. 

Let  P  represent  the  pole  of  the  earth, 
Z  the  zenith  of  the  observer,  EZW  the 
prime  vertical,  which  is  also  tiie  line  de« 
scribed  in  the  heavens  by  the  transit ; 
and  let  the  arc  SBS^  be  tiie  path  of  a 
star  which  culminates  a  little  south  of 
the  zenith.     Let  the  times  at  which  a  star  crosses  the  field  of 
the  transit  at  S  and  S^  be  noted ;  then  will  the  angle  SPS^,  which 
is  the  difference  of  those  times,  be  known.    Then,  in  the  right- 
angled  spherical  triangle  PZS,  by  Napier's  rule, 
R.  COS.  ZPS=tang.  PZ  cot  PS. 

Put  ZPS=P=half  the  sidereal  interval  between  the  times 
of  east  and  west  transit ; 
d=:90o-.PS=the  declination  of  the  star  ; 
^=90^— PZ=:the  latitude  of  the  place. 

Then 

cos.  P=cot.  <^  tang,  d  \ 
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taDg.0=^ <^> 

which  is  the  same  as  given  in  Art.  148. 

Ex,  1.  On  the  16th  of  December,  1844,  the  transit  of  a  Lyrae 
over  the  prime  vertical  of  Cambridge  was  observed  at  16h.  34m. 
47.3s. ;  and  again  at  20h.  2dm.  14.0s. ;  the  declination  of  the 
star  being  38°  38"  42''".05.  Required  the  latitude  of  the  obser- 
vatory. 

Here  P= Ih.  55m.  13.36s.  in  time,  or  28°  48"  20"".26  in  arc, 
tang.  (5,  38°  38"  42"".05= 9.9028601 
COS.  P,  28Q  48"  20"".25=9.9426327 
Latitude =42°  22"  48"".3  tang. =9.9602274 
Ex.  2.  On  the  4th  of  January,  1846,  the  transit  of  a  Lyr© 
over  the  prime  vertical  of  "Washington  yras  observed  at  18h.  27m. 
0.35s. ;  and  again  at  19h.  28m.  1.0s. ;  the  declination  of  tiie  star 
being  38°  ^  42"".37.     Required  the  latitude  of  the  observatory. 
Here  P=Oh.  30m.  30.325s.  in  tune,  or  7°  37"  34"".87  in  arc. 
tang,  d,  380  33/  42"".37= 9.9028615 
COS.P,  7Q  37"  34"".87=9.9961414 
Latitude=38o  53"  37"".l  tang. =9.9067201 
(186.)  When  these  observations  are  made  for  the  determina- 
tion of  latitude,  it  is  best  to  select  a  star  which  culminates  but 
a  little  south  of  the  zenith,  as  the  same  error  in  the  observations 
will  have  less  influence  upon  the  result.     The  transit  instrument 
may  be  brought  nearly  into  the  prime  vertical,  by  computing 
the  time  when  a  star  which  culminates  several  degrees  south 
of  the  zenith  will  pass  the  prime  vertical.     The  formula 

cos.  P=cot.  if>  tang.  6 
gives  the  hour  angle  between  the  meridian  and  the  time  of 
transit  over  the  prime  vertical.  The  right  ascension  of  the  star, 
minus  the  hour  angle,  gives  the  time  of  the  east  transit;  and 
the  right  ascension,  plus  the  hour  angle,  gives  the  time  of  west 
transit. 

(186.)  When  the  instrument  is  brought  nearly  into  the  prime 
vertical,  the  error  in  azimuth  may  be  determined  as  foUovrs : 
Half  the  sum  of  the  times  of  transit  over  the  east  and  west  ver- 
ticals, gives  the  time  of  transit  over  the  meridian  of  the  instru- 
ment. This  result  should  be  equal  to  the  right  ascension  of  the 
star,  corrected  for  the  error  of  the  clock.     If  the  two  results  arQ 
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not  eqnal,  their  differenoe  shows  the  angle  which  the  meridian 
of  the  instrument  makes  with  the  true  meridian. 

If  the  plane  of  the  telescope  deviates  much  firom  the  prime 
vertical,  the  co-latitude  deduced  will 
be  sensibly  too  small.  Suppose  the 
axis  deviates  to  the  east  of  north,  and 
that  the  telescope  describes  a  verti- 
cal circle,  passing  through  E^ZW^; 
then  will  PZ',  which  bisects  SS%  be 
the  co-latitude  which  results  from 
the  above  fommla. 

The  correction  for  this  deviation  may  be  computed  as  follows: 

Take  the  half  sum  of  the  times  of  transit  over  the  east  and  west 

verticals,  correct  it  for  the  error  of  the  dock,  and  subtract  the 

result  from  the  star's  right  ascension.     The  difference  will  be 

the  angle  ZPZ^    Now,  from  the  right-angled  triangle  PZZ^  we 

have 

tang.  PZ  cos.  ZPZ'=tang.  PZ^=tang.  PSxoos.  SPZ^ 

.        ^    tang,  dx  COS.  ZPZ' 

or  tang.  d>  =  —-2 -— — . 

^  ^  cos.  SPZ^ 

The  angle  ZPZ^  is  the  same  for  all  stars,  and  it  is  better  to 
deduce  its  value  from  a  star  which  culminates  several  degrees 
south  of  the  zenith,  since  the  same  error  in  the  observations  wffl 
have  less  influence  upon  the  azimuth  deduced. 

(187.)  If  we  reverse  the  telescope  upon  its  supports,  any  emr 
of  collimation  or  inequality  o{  pivots  will  produee  exactly  a  oour 
trary  effect  on  the  latitude.  ObservatiDns,  therefore^  of  two  stars 
on  the  same  day,  in  reversed  positions  of  the  telesoope,  or  of  the 
same  star  on  foUowing  days,  in  reversed  positions  of  the  tele- 
scope, will  correct  eadiother,  and  the  mean  will  give  the  true  lat- 
itude, if  the  declination  of  the  star  is  accurately  known.  This 
is  one  of  the  best  methods  of  determining  the  latitude  with  a 
portable  instrument. 

In  tile  equation 

COS.  Prscot.  <t>  tang,  d, 
either  ^  or  d  may  be  computed  when  the  other  quantity  is  known. 
Hence,  in  a  fixed  observatory,  when  the  latitude  is  well  de- 
termined, the  declinations  of  stars  may  be  determined  with  great 
precision  by  a  transit  instrument,  adjusted  to  the  prime  vertical 
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But  to  aocomplish  this  object  in  the  best  manner  requires  an 
instrument  of  a  peculiar  construction.  The  instrument  should 
admit  of  having  the  level  applied  to  it  while  the  telescope  is  in 
the  position  of  observation,  and  it  should  also  admit  of  being  re* 
versed  with  ease  and  rapidity.  The  figure  on  the  opposite  page 
represents  the  instrument  used  for  this  purpose  at  the  Washing- 
ton Observatory,  and  was  made  by  Fistor  and  Martins,  of  Berlin. 

(188.)  The  instrument  rests  on  a  block  of  granite,  MM,  6  feet 
5  inches  high,  3  feet  3  inches  from  east  to  west,  and  3  feet  7 
inches  from  north  to  south.  This  block  is  out  so  as  to  form  two 
columns  4^  feet  high,  separated  by  a  cavity  which  contains  the 
reversing  apparatus. 

S  is  the  axis  of  the  instrument,  terminating  in  two  pivots, 
B,  B,  3.6  inches  in  diameter ;  to  one  of  which  is  attached  the 
telescope,  T,  to  the  other  the  cylinder,  U,  which  counterpoises 
the  telescope.  The  telescope  is  6^  feet  focal  length,  and  4.8 
inches  clear  aperture. 

y,  y  are  the  Y's  which  support  the  axis,  and  G,  C  are  friction 
rollers,  with  grooves  for  relieving  the  Y's.  They  are  regulated 
by  the  counterpoises  W,  W,  all  of  which  are  carried  by  the  re- 
versing apparatus. 

The  axis,  S,  is  hollow,  and  contains  a  lever,  r,  one  end  of 
which  expands  into  a  fork,  and  is  firmly  secured  at  2;  to  each 
side  of  the  telescope  tube.  To  the  other,  end  of  the  lever  is  at- 
tached the  counterpoise,  K,  which  transfers  the  weight  of  the 
telescope  to  that  part  of  the  pivot  which  rests  immediately  upon 
the  Y's.  A  similar  counterpoise  is  placed  on  the  other  side,  to 
produce  the  same  effect  with  reference  to  the  cyUnder  U. 

Z  is  the  striding  level,  which  rests  permanently  upon  the  piv- 
ots B,  B  during  the  observations ;  and  L  is  a  mirror  for  illumina* 
ting  the  level  divisions  by  means  of  a  lamp.  The  level  tube  is 
protected  by  a  glass  case,  G,  and  there  is  a  cross  level  at  A. 

About  the  middle  of  the  axis,  sidjias,  damp  for  slow  mo- 
tion of  the  telescope,  and  a  screw,  with  a  Hook's  joint,  at  E. 

The  reversing  apparatus,  P,  P,  turns  on  an  inverted  cone, 
vTorking  in  the  hollow  cylinder,  B,  and  is  strengthened  by  tiie 
cross  iron  bars,  a,  a,  a,  which  are  supported  by  the  flat  iron  bars, 
6,6. 

H  is  a  crank  which  turns  a  cog-wheel  at  N,  which,  by  means 
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of  a  screw,  lifts  the  hollow  cylinder,  R,  and,  by  means  of  the 
forks,  I,  /,  lifts  the  horizontal  axis  until  the  pivots,  B,  B,  are 
sufhoiently  high  to  clear  the  Y's.  The  telescope  is  then  turned 
to  a  zenith  distance  of  about  45°,  and  is  revolved  to  the  other 
side  of  the  pier.  It  is  prevented  from  going  too  far  by  the  arm 
F,  which  is  so  adjusted  as  to  strike  the  pin  D,  when  the  tele- 
scope is  exactly  over  the  Y's. 

nis  a.  finding  circle  for  setting  the  telescope  upon  a  star. 

J  is  the  handle  of  a  screw,  which  moves  a  slide  at  0  for  reg- 
ulating the  illumination  of  the  wires. 

t  is  the  micrometer  head  and  screw  moving  the  micrometer 
wire. 

jE?  is  a  lever  which  carries  the  eye-piece  across  the  field. 

In  the  eye-piece  of  the  telescope  are  inserted  two  horizontal 
and  parallel  threads,  distant  V  from  each  other ;  and  also  15 
fixed  vertical  lines,  with  one  movable  one.  The  transits  over 
the  vertical  lines  are  designed  to  be  observed  midway  between 
the  two  horizontal  lines. 

(189.)  Mode  of  observation. 

Having  determined  the  error  of  level  of  the  axis,  direct  the 
telescope  to  a  star  while  it  is  yet  north  of  the  eastern  prime 
vertical,  and  observe  the  transit  of  the  star  over  each  of  the 
wires  preceding  the  middle  of  the  field ;  the  altitude  of  the  tel- 
escope being  continually  changed,  so  that  the  oblique  transit  may 
be  observed  over  the  centre  of  each  wire.  When  the  star  has 
passed  the  wire  next  be&re  the  middle,  reverse  the  axis,  by 
which  means  the  telescope  will  bo  carried  to  the  opposite  side 
of  the  pier,  and  observe  the  passage  of  the  star,  now  on  the  south 
side  of  the  eastern  prime  vertical,  over  the  same  wires  as  before, 
but  in  the  opposite  order.  Determine  again  the  error  of  level 
of  the  axis.  When  the  star  is  approaching  the  western  prime 
vertical  from  the  south,  the  instrument  being  still  in  its  second 
position,  ascertain  again  the  error  of  level  of  the  axis.  Again 
obsdrve  the  transit  of  the  star  over  the  first  seven  wires  preceding 
the  middle  of  the  field ;  reverse  the  instrument  to  its  first  posi- 
tion, and  observe  the  transit  of  the  star,  now  on  the  north  side 
of  the  western  prime  vertical,  over  the  same  wires.  Finally, 
ascertain  the  error  of  level  of  the  axis  in  the  last  position. 

The  following  observations  were  made  by  Struve,  with  the 
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prime  vertical  transit  of  the  Fulkova  Observatory.    The  nuro- 
hers  in  the  last  column  are  read  from  helovr,  upward. 

January  15,  1842.     o  Draconis. 


BA«T  TBBTICAL. 

W«8T   TBBTICAL. 

T«Iewope  S. 

Telescope  S. 

Win*. 

k.     m.        : 

*.    «.       ». 

I. 

17  54  30.7 

19  42  51.4 

n. 

65    8.65 

42  13.65 

III. 

55  44.4 

41  38.0 

IV. 

56  22.25 

40  59.85 

V. 

57    0.6 

40  21.7 

VI. 

57  40.9 

39  41.4 

vn. 

17  58  19.5 

19  39    2.7 

' 

Telewope  N. 

TeleMope  N. 

VII. 

18    1    4.0 

19  36  17.85 

VI. 

1  45.5 

35  37.0 

V. 

2  29.8 

34  52.35 

IV. 

3  12.7 

34    9.3 

III. 

3  57.6 

33  24.7 

II. 

4  39.8 

32  42.1 

I. 

18    5  26.35 

19  31  55.6 

Level  =  +0".687 

Level  =  +0".923 

(190.)  The  reduction  of  the  observations  is  made  as  follows, 
each  wire  being  treated  separately. 

Let  NESW  represent  the  horizon, 
NS  the  meridian,  EW  the  prime  vert- 
ical, P  the  pole,  and  A  the  place  of  the 
star  at  its  transit  over  one  of  the  wires 
of  the  telescope.  Join  PA  and  NA 
by  arcs  of  great  circles.  The  projec- 
tion of  each  wire  on  the  sky  is  a  small 
circle,  whose  pole  is  the  north  point, 
N,  of  the  horizon.  If  c  represent  the 
angular  distance  of  one  of  the  wires  from  the  line  of  collimation, 
90^— c  will  be  the  radius  NA  of  the  small  circle,  when  the  star 
is  seen  on  it,  north  of  the  prime  vertical,  and  90^ +c  when  the 
star  is  south  of  the  prime  vertical. 

Li  the  triangle  PNA,  by  Trig.,  Art.  226,  we  have 
cos.  NA=co8.  NP  COS.  PA+sin.  NP  sin.  PA  cos.  NPA, 

Let    0=:NP  the  latitude  of  the  place ; 


4=^ 

wf . 
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(5=900— PA=the star's deolinationj    '■ 
t,  r=the  hour  angles  SPA  from  the  meridian,  at  the  two 
observations  over  the  same  wire,  in  the  direct  and 
reversed  positions  of  the  axis. 
Then,  when  the  star  is  north  of  the  prime  vertical, 
COS.  (90°  — c)=sin.  c=cos.  ^  sin.  d— sin.  ^  cos.  6  cos.  t; 
and,  when  the  star  is  south  of  the  prime  vertical, 

COS.  (90°  +  c)=  —  sin.  c=:cos.  <t>  sin.  d— sin.  <t>  cos.  6  cos.  t\ 
Adding  these  two  equations,  we  obtain 

0=2  sin.  d  cos.  ^— cos.  d  sin.  <t>  (cos.  ^+oos.  ^), 
or,  Trig.,  Art.  75, 

tang,  d  cot.  ^= ^ =cos.  — ~-  cos.  — ^.     (2.) 

This  formula  will  furnish  the'  declination  when  the  latitude 
is  known,  or  the  latitude  when  the  dedination  is  known.  The 
latitude  of  the  Pulkova  instrument  is  59°  46'  18^'.  t'  represents 
half  the  interval  between  the  first  transit  east  and  the  second 
transit  west ;  and  t  is  half  the  interval  between  the  second  tran- 
sit east  and  the  first  transit  west. 

(191.)  The  following  is  Struve's<  reduction  of  the  preceding 
observations,  a  correction  of  +  0.09s.  being  applied  to  the  inter- 
val W.— E.  for  rate  of  clock. 


win!.      I  Wire  II.  1  Wire  III.   Wire  IV.  |  Wire  V.    Wire  VI.  Wire  V 11 


W. 


-={i 


2r 

2^ 

W-t) 

COS.  i(/'+0 

COS.  W-t) 

tang.  ^ 

tang,  d 

6 


k.  tn  s.  \ 
1  48  20.79 
1  26  29.34 
0  48  42.63 
0  6  27.86 


47  6.09  46  63.69  44  37.69  43  21 .  19  42  O:59l40  43.29 
2.39  29  27.19  30  66.6932  22.6433  61.69  36  13.94 

48  46.8748  60.22  48  63.6048  66.9648  68.06  48  69.31 
4  46.67  4  6.62  3  26.26  2  44.64  2  2.26  1  22^3 


9.9901167 
9.9998766 
0.2346728 


0.2246660 
69  11  39.00 


0871 
9063 
6728 


0642 
9301 
6728 


0411 
9616 
6728 


0260 
9688 
6728 


0107 
9828 
6728 


0020 
9922 
6728 


6662 
89!04 


6671 
39.23 


6666 
38.'90 


6666 
89.'l2 


6663 
39!b6 


6670 
89.21 


The  mean  error  of  level  of  the  instrument  may  be  applied  to 
0,  or  we  may  apply  a  correction  to  the  declination  obtained  with 
a  constant  value  of  0.  If  the  inclination  of  flie  axis  be  denoted 
by  I,  which  is  the  mean  of  the  two  inclinations,  telescope  N  and 
telescope  S,  then  ^+1  should  be  used  in  place  of  ^,  in  formula 
(2),  Art.  190.  Now,  by  formula  (1),  Art.  184,  we  have 
tang.  d=tang.  <p  cos.  P. 

By  differentiating,  supposing  P  constant,  we  obtain 
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Hence 


dd  860.. ^d=^  sec.  *^  cos.  P. 


^         8ec.Vtaog,d^ 
i      sec.  ^d.taDg.  ^ 


COS.  d  sin.  d 


COS.  ^sin.  ff> 


'.d<f> 


sin.  2d 


sin.  24^' 


=69°  11^  39  ^885 


sin.  2^ 

InHie  pieoeding.obserTations  the  mean  inclination  of  the  axis 
was  H-O^'.SOS. 

The  mean  value  of  d  =59°  IV  39^^071 

Correction  for  inclination  of  axis  +(y^.814 

Observed  declination 
(192.)  The  declination  thus  found 
is  not  correct,  unless  the  telescope  is 
truly  adjiosted  to  the  prime  vertical. 
Suppose  tiiere  is  an*  error  in  the  azi- 
muth of  the  instrument  equal  to  a  or 
90^^PZZ^;  then,inthetriang^ePZZ^ 
cot  PZZ^_  tang,  a 
COS.  PZ  ""  sin.  <f> ' 


tang.  P 

If  theerroi^in'aziihuth  be  small^  we  may  assume 
P= 


sm.  <t>  '  ' 

which  represents  the  angle  at  the  pole,  between  the  true  me- 
ridian and  the  meridian  of  the  instrument.  The  instant  of  the 
star's  passage  over  the  meridian  of  the  instrument  is  equal  to  the 
half  sum  of  the  east  and  west  transits.  Thus,  in  the  preceding 
observation,  we  have 


Win.. 
I. 

TelMCope  S. 

18h.  48in.  41.108. 

TdewsopeN. 

18h.  48m.  40.938. 

n. 

41.158. 

41.259. 

HI. 

41.20s. 

41.078. 

IV. 

41.058. 

41.00s. 

V. 

41.158. 

41.15s. 

VI. 

41.158. 

40.95s. 

VII. 

41.108. 

40.978. 

Mean,  18h.  48m.  41.13s.  41.05s. 

Mean,  18h.  48m.  41.09s. 
The  instant  of  meridian  passage  requires  a  small  correction 
for  the  difference  of  inclinations  of  the  axis  in  the  two  verticals. 
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This  corroction  in  the  present  case  amounts  to  —0.08s.;  and 

hence  the  true  time  of  meridian  passage  by  the  instrument  is 

18h.  48m.  41.01s. 

The  star's  right  ascension,  corrected  for  error  of  the  clock,  was 
18h.  48m.  41.86s. 

Hence  P=  —  0.8ds.  in  time,  is  the  angle  of  the  two  meridians. 

For  the  azimuth  of  the  axis  of  rotation,  reckoned  from  the 
south  round  by  the  west, 

a =15?  sin.  ^,  in  arc. 

In  the  present  case, 

a=— ll'^'.O,  in  arc. 

The  effect  of  this  small  azimnthal  error  upon  the  declination 
is  inappreciable. 

It  is  the  opinion  of  Struve  that,  with  this  instrument,  changes 
in  the  apparent  declination  of  zenith  stars,  amounting  to  a  small 
fraction  of  a  second,  may  be  detected.  This  instrument  may 
therefore  be  employed  to  determine  the  aberration  of  light,  and 
the  annual  parallax  of  zenith  stars.  The  bright  star  a  Lyr® 
culminates  about  15^  south  of  the  zenith  of  Washington  Observa- 
tory, emd  this  star  has  been  observed  by  Professor  Hubbard  with 
great  care,  for  the  purpose  of  determining  its  annual  parallax, 
which,  according  to  the  Pulkova  observations,  amounts  to  about 


CHAPTER  VII. 

ECLIPTIC. 

(193.)  When  an  observer  has  obtained  the  latitude  of  his 
station,  he  is  prepared  with  an  astronomical  circle  to  determine 
the  apparent  declinations  of  the  heavenly  bodies.  For  the  eleva- 
tion of  the  equator,  EH,  is  the  com- 
plement of  FO,  the  elevation  of  the 
pole ;  and  if  from  SH,  the  altitude 
of  a  star,  we  subtract  EH,  the  ele- 
vation of  the  equator,  we  shall  ob- 
tain the  star's  declination.  This 
rule  will  hold  for  all  the  heavenly  bodies  at  their  upper  culmin- 
ation, if  we  measure  their  altitude  from  the  south  horizon.  Or, 
if  we  represent  the  latitude  by  ^,  and  the  zenith  distance  by 
Z,  when  a  body  ouUninates  south  of  the  zenith,  we  have 

If  it  culminate  north  of  the  zenith,  and  ai>ove  the  pole, 
d=^+Z. 

If  it  culminate  north  of  the  zenith,  and  below  the  pole, 
d=:180o-(<^+Z). 

(194.)  If  the  declination  of  the  sun  be  observed  during  a 
whole  year,  whenever  it  passes  the  meridian,  upon  comparing 
the  results  it  will  be  found  that,  on  the  22d  of  December,  the 
declination  has  its  greatest  value  on  the  southern  side  of  the 
equator ;  that  it  diminishes  till  the  21st  of  March,  when  the 
declination  is  exactly  or  nearly  zero;  and  that  it  afterward  in- 
creases on  the  northern  side  of  the  equator  till  June  21.  From 
this  time  the  declination  diminishes  till  the  23d  of  September, 
when  it  is  again  zero,  and  increases  again  on  the  southern  side 
of  the  equator  till  the  22d  of  December. 

The  greatest  observed  northern  and  southern  declinations  of 
the  sun  constitute  approximate  values  of  the  angles  at  which 
the  plane  of  the  ecliptic  and  the  plane  of  the  equator  intersect 
each  other ;  and  the  times  at  which  the  declinations  are  nearly 
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zero,  are  the  approximate  times  when  the  san,  in  asoending  and 
descending,  crosses  the  plane  of  the  earth's  equator ;  but  as  the 
observations  are  only  m^de  at  the  instants  of  apparent  noon  at 
the  station,  it  is  not  probable  that  the  greatest  or  least  declination 
will  take  place  precisely  at,  the  instant  of  observation ;  and  there- 
fore a  computation  must  be  made  to  obtain  these  elements  with 
sufficient  accuracy. 

Right  asoensioB:  is  reckoned  fiom  the  vernal  equinox ;  and  a 
dock  regulated  to  exaot  odereal  time  fibould.indiopite  Oh.vOnL  0& 
when  the  vernal  equinox  ia  passing  the  meridian. 

Problem. 

(195.)  To  find  the  position^  of  the  equinoaUal  points. 
Observe  the  altitude  of  the.  sun  when  on  the  meri4ian  upcm 
the  day  which  precedes  and  the  .day  which  follows  the  ecfuinox. 
These  altitudes,  corrected  for  sefraotion  and  parallax,  will  furi- 

nish  the  declinations  il  and  d^,  one 
south  and  the. other. north...  Let 
T  repnraent  the  interval  between 
the  observations,  expressed  in  si- 
dereal time.  Let  A  be  the  place 
of  the  equinox,^  BB^.  the  equator,  SS^  the  ecliptic,  S  and  S^  the 
places  of  the  sun  on  two  successive  days,  one  preceding  and  the 
other  Mowing. tile  equinox;  also,  let  BS  and  B^8^  be  the  ob- 
served declinations.  Then,  sui^xise  the  motion  in  declination 
and  right  asoensioa.to  he  uniform  at  .this  time,  as  they  are  very 
nearly,  we  shall  have 

BS+B^S^:BS::BB^:BA, 
ot     V d+& : d ::  T— 24h. : diffi  right  asc  between  B  and  A. 

Ex.^  1\  On  the  20th  of  Mardh,  1851,  the  sun's  decliiiation  at 
noon  was  observed  at  G-reenwich  to  be  16^33^^.29  8.,  and  March 
21st  it  wa&  T  7/^.54  N. ;  also  the  fiidereal  interyaL  between  the 
observations  was  24h*  3m.  38.23s..  What  y^w  tbe.3Ui3i'9  right 
ascension  at  noon,  March  21st  ? 

In  this  case  we  shall  have  the  proportion 

W  33^^29+7^  7^^54 :  T  7^^54 ::  3m.  38.23s. :  65.67s. 
Therefore  the.  49un'B  ri^  ascension  at  won^  Maroh  21st, 
was 

Oh.  Im,  5.67s. 
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Ex.  2.  On  the  22d  of  September,  1851,  at  noon,  the  sun's 
deoUnation  observed  at  Greenwich  was  3^  Sl^'^SS  N.,  and  on  the 
28d  it  was  19"  33^76  & ;  also  the  sidereal  interval  of  the  tran- 
aits  was  24h.  3nL  36.13s.  What  was  the  sun's  right  ascension 
at  noon,  September  23d  ? 

Ans.  12h.  3m.  0.52s. 

Ex,  3.  On  the  22d  of  September,  1846,  at  noon,  the  sun's 
deoUnation,  observed  at  Washington,  was  17^  2^''.80  N.,  and  on 
the  .2dd  it  was  6^  21'^56.S.;,  also,  the  sidereal  interval  of  the 
tnmsits  was  24h.  3m.  35.508. ,  What  was  the  sun's  right  asoen- 
8i0Buat.the  second  observation  ? 

Ans.  12h.  Om.  58.55s. 

(196v)t  These  ^computations  should  be  made  both  for  March 
and  September,  wiien  the  sun  <»ros8es  tiie  equator.  If  the  side- 
real dock,  were  correct,  it  would  be  found  to  indicate  12  hours 
when  the  sua  ia  on  the  meridian  at  the  autumnal  equinox ;  from 
which  we  mfer  that  tiie  two  equinoctial,  points  are  distant  fitom 
one  another  180  degrees.  If  now  we  observe  some  star  which 
psBses  the  mecidiam  About  the  same  time  with  the  vernal  equi- 
nox (as,  £>r  «cample,  a  Andromedse),  its  r^ht  ascension  will  be 
known ;  and  having  settled  the  right  ascension  of  one  star,  the 
right  iisoension  of  other  stars  may  thence  be  deduced.  Thus, 
taking  the  apparent  right  ascension  of  a  AndromedfiB  on  January 
31, 1853,  to  be  ffli.  Om.. 46.10s.,  let  the  index  of  the  clock  be  set 
to  that  time  when  a  Andromeds?  is  on  the  meridional  wire  of  the 
transit  teleseop&t  -  .The  dock,  if  it  goes  correctly,  will  denote  the 
right  ascenskm  off  other:  stocs  when  they  are  bisected  by  the  me- 
ridional wire.    Thus,  on  the  above  day, 

Aldebaran  passing  the  meridional  wire/at  4h.  27m.  29.19s. 

Capella  «        "  "  U .  «  5h.   5m.  50.26s. 

Rigel  "        «  «  «     "  5h.    7m.  28.58s. 

Sirius  "        "  «    .        «    "  6h.  38m.  40.828. 

theaetimas  wmld  be  the  .sq[)parent  right  «scQnsions  of  those 
stars. 

The  star  selected  by  any  astronomer  to  r^ulate  the  right  as- 
censions of  other  stars  is  called  his  fimdamentel  ster.  Dr.  Has- 
kelyn^^ai tba  ^h^eanwich  Observatory,  emplc^ed  a  Aqtulse  for 
this  purpose;  while,  at  the  Washington  Observatory,  a  Androm- 
edse  is  employed. 
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(197.)  When  a  number  of  stars  have  had  their  right  ascen- 
sions determined  by  referring  them  to  some  fmidamental  star, 
they  will  all  be  charged  with  the  error  which  may  happen  to 
belong  to  this  star ;  and  it  is  an  object  of  the  utmost  importance 
to  ascertain  the  existence  and  quantity  of  such  error.  The  dif- 
ficulty lies  in  determining  accurately  the  position  of  the  first 
point  of  Aries,  from  which  the  right  ascensions  of  all  the  stars 
are  counted.  The  course  pursued,  therefore,  by  astronomers,  is 
first  to  find  the  sun's  right  ascension,  by  comparing  the  transit 
of  his  centre  with  the  transit  of  the  fundamental  star,  or  with 
the  transits  of  several  principal  stars,  related  to  it  by  known  dif- 
ferences ;  and,  secondly,  to  compute  from  his  observed  declina- 
tion the  right  ascension  belonging  to  the  moment  of  the  meridian 
passage.  These  operations  should  be  performed  on  several  days, 
near  both  the  vernal  and  autumnal  equinox.  The  right  ascen- 
sions derived  from  a  comparison  with  the  stars  should  agree 
with  those  derived  from  the  observed  declinations  of  the  sun. 
If  there  be  a  constant  difference,  this  will  be  the  correction  to 
be  applied  to  the  assumed  right  ascension  of  the  fundamental 
star.  The  sun's  right  ascension  is  deduced  fiom  his  declination 
in  the  following  manner : 

Let  AC  represent  a  part  of  the 
equator,  AD  a  part  of  the  ecliptic, 
and  A  be  the  first  point  of  Aries. 
Suppose  the  sun  to  be  at  S,  and 
Ib  draw  SB  perpendicular  to  AC ;  then 

AB  will  be  the  right  ascension  of  the  sun,  and  SB  his  declina- 
tion. 

But,  by  Napier's  rule, 

rad.  X  sin.  AB=ootang.  SAB  x  tang.  SB ; 
that  is, 

sin.  R.  A.=ootang.  obliquity  x  tang.  dec. 
Or,  representing  the  sun's  declination  by  d,  and  the  obliquiiy 
of  the  ecliptic  by  a>,  we  have 

tang.  6) 
Ex.  1.  The  following  observations  of  the  sun's  centre  were 
made  at  Greenv^ch  in  1851 : 
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Due. 

Sun's  R.  A.  observed. 

Snn'i  Dee.  obeerred. 

Sept.  15 

11  34  16.15 

2  47    0.18  N. 

16 

37  51.22 

2  23  50.70  N. 

21 

55  48.55 

0  27  15.35  N. 

22 

59  24.19 

0    3  51.53  N. 

23 

12    3    0.32 

0  19  33.76  S. 

It  is  required  to  find  the  mean  correction  of  the  right  ascen- 
sions, the  obliquity  of  the  ecliptic  being  23°  27^  28'M5. 
The  computation  for  September  15  is  as  follows: 

tang.  (5,    2^47^    0^M8= 8.6867922 
tang.  6),  23°  27^  28^M5= 9,6374270 
sin.  R.  A.,  llh.  34m.  16.13s. =9.0493652 
The  observed  right  ascension  was  llh.  34m.  16.15s. 
Error  of  the  observed  R.  A.  +  0.02s. 
In  the  same  way  the  2d  observation  gives  +  0.03s. 
«  '*  3d  "  «     -0.19s. 

"  «  4th        "  "     -0.24s. 

«  "  5th        "  «     —0.01s. 


,  The  mean  =—0.C 

That  is,  iiie  observed  right  ascensions  appear  to  be  too  small  by 

0.08s. 

Similar  observations  should  be  made  at  each  equinox  every 
year,  until  it  appears  that  no  further  correction  is  required. 

Sx,  2.  The  following  observations  of  the  sun's  centre  were 
made  at  Washington  in  1846 : 


Date. 

Sun's  B.  A. 

Son's  Dm. 

h.      m.         : 

Q             *                      ft 

Sept.  16 

11  35  49.40 

+2  36  56.46 

21 

11  63  46.89 

+0  40  29.52 

22 

11  57  22.79 

+0  17    2.80 

23 

12    0  68.29 

-0    6  18.71 

25 

12    8  10.58 

-0  53  11.50 

28 

12  18  59.37 

-2    3  28.11 

It  is  required  to  find  the  mean  correction  of  the  right  ascen- 
sions, the  obliquity  of  ike  ecliptic  being  23^  27^  25'^88. 

Ans.  +0,06s- 
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Problem. 

(198.)  To  find  the  obliquity  of  the  ecliptic. 
Observe  the  right  ascension  and  declination  of  the  son  near 
one  of  the  solstices.  If  the  sun  were  exactly  at  the  solstice  at 
one  of  the  observations,  the  observed  declination  would  be  the 
obliquity  required.  But  as  such  a  coij^Qidence  can  seldom  hap- 
pen,  it  is  oustoxnaryto  take  observations  on  several  days  both 
before  and  after  the  solstiQe,  and  cprnpute  the  reduction  to  the 
solstioe.    This  may  be  done  in  the  following  manner : 

Let  AB  represent  the  equa- 
tor, AS  the  ecUpticy  A  the  vemal 
equinox,  S  the  solstioe,  and  S^ 
the  place  of  the  sun  near  the 
solstice.  I4et  £Bdl  the  perpen- 
dicular S^B""  upon  the  equator. 
Then,  by  Napier's  rule, 

R.  sin.  AB'=tang.  S"B^  cot.  BAS. 
Put  d=the  observed  declination;  A=BB'=6h.— the  sun's 
right  iascension  \  ^;:^  the  obliquity  of  the  eclqptio ;  and^i:  =?  the  re- 
quired correction  to  obtain  the  declination  at  the  solstice.     Then 
.    sin.  AB^=tang.  6  cot.  cj, 

,     tang.  <5 
or  cosA=^; — - — . 

tang.  (k> 

By  Trig.,  Art.  76, 

2     tang.d 
sin.  (to— d)__tang.  g>— tang.  d_       tang.  <«>_1— cos.  A 
sin.  (6)+d)~"tang.  a)+tang.d"~j^     tang.  d""l+cos.A 

tang.  0) 

=1^    Trig..A^74,=tanB..J».- 

that  is,  sin.  (w— <J)=tang.  ^h  sin.  (w+d). 

When  the  required  correction  is  small,  we  may  put  6)— d  for 
sin.  (w— d),  and  dividing  by  sin.  1^^,  to  have  x  expressed  in  sec- 
onds,  we  obtain 

x=<.-<i=*l^5ii!ii!^L(^±£) (1) 

sm.  r^ 

which  is  the  correction  in  seconds  to  be  added  to  the  observed 

declination,  to  obtain  the  obliquity. 
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Ex.  1.  In  June,  1851,  tfa&  Mowing  observations  were  made 
at  Greenwich : 
Juno  17.  Sun's  R.  A.  6h.  40m.  59.17s.      Dec.  23°  23'    7".67 
«     19.  «       5    49      18.63  «  26     4  .87 

"     21.  «       5     57      37.76  «  27  22  .56 

'«     26.  «       6     18     26.27  «  23  21  .25 

"     27.  «       6     22      34.12  «  21  18  .59 

"     28.  "       6    26      43.59  "  18  63  .14 

«     30.  «       6     35        1.20  «  12  47  .16 

It  is  required  to  determine  the  obliquity  of  the  ecliptic. 
Assume  for  the  obliquity  the  greatest  observed  declination,  or 
230  27'  22".56.     Then,  for  June  17th,  the  reduction  will  be  as 
follows: 

A=19m.  0.83s.=4«>  46'  12''.45 ;  ^h=2'=>  22'  36".2. 
By  formula  (1), 

tang,  i* =8.618105 

8.618105 

sin.  46°  50'  30".13= 9.863005 

oosec.  1"= 5.314426 

Correction,  259".20= 2.413640 

This  correction  being  added  to  the  observed  declination,  28° 
23' 7".57,  gives 

The  obliquity  of  the  ecUptic=23°  27'  26".77 
In  like  manner  the  2d  observation  gives  26  .80 


3d 

« 

« 

26  .59 

4th 

(( 

(1 

24  .66 

5th 

(( 

<( 

23  .78 

6th 

(( 

C( 

25  .26 

7th 

u 

(( 

26  .39 

The  mean  ia 

23° 

27'25".73 

(199.)  It  may  be  thought  that  this  method  involves  a  vicious 
principle,  inasmuch  as  it  re<|uires  a  knowledge  of  6)  to  enable 
us  to  find  the  value  of  o).  But  it  will  be  noticed  that  only  em 
approximate  knowledge  of  6>  is  required  to  furnish  a  very  accu- 
rate value  of  the  ooneotion  x.  In  reducing  the  preceding  ob- 
servation of  June  17,  an  wror  of  one  minute  in  the  assumed 
value  of -&>  will  occasion  an  error  of  less  than  one  tenth  of  a  sec- 
ond in  the  computed  reduction. 
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This  is  but  one  example  of  a  very  common  case  in  astronomy, 
in  which  we  employ  an  approximate  value  of  an  unknown  quan- 
tity to  obtain  a  more  accurate  determination. 

Ex.  2.  The  following  observations  were  made  at  Greenwich 
in  1850 : 


June  17.  Sun's  R.  A.  5h.  41m.  69.36s.    Dec.  23°  23'  29".18 

»    18. 

5 

46 

8.94 

25     7  .16 

"    20. 

5 

54 

27.74         « 

27     0  .73 

"    21. 

5 

58 

37.40         « 

27  23  .24 

"    22. 

6 

2 

46.82 

27  17  .83 

«    24. 

6 

11 

6.83 

25  54  .95 

«    25. 

6 

15 

14.88         « 

24  38  .84 

«    26. 

6 

19 

24.40         « 

22  55  .04 

Required  the 

obliquity  of  the 

ecliptic. 

A«5..23° 

27'  23".88. 

Ex.  3.  The  following  observations  were  made  at  Washington 

in  1846: 

Dec.  18.    Sun's 

R.  A. 

17h.44m 

.  37.21s.    Deo.  23°  24'  32".69 

"    21. 

« 

17 

57 

56.81 

27  20  .43 

"    22. 

(I 

18 

2 

23.51 

27  19  .64 

"     23. 

(( 

18 

6 

50.17         « 

26  49  .82 

Required  the  obliquity  of  the  ecliptic. 


Ans.  230  27^  23^^20. 


Problem. 

(200.)  To  find  the  longitude  and  latitude  of  a  star^  when 
its  right  ascension  and  declination  are  known. 

Let  F  represent  the  pole  of  the 
equator,  E  the  pole  of  the  eclip- 
tic, G  the  first  point  of  Aries,, 
PSP^  an  hour  circle  passing" 
through  the  star  S,  and  ESE^  a 
circle  of  latitude  passing  through 
the  same  star.  Then  AEBE^ 
represents  the  solstitial  oolure, 
EP  represents  the  obliquity  of 
the  ecliptic,  PS  the  polar  dis- 
tance of  the  star,  ES  its  co-lati- 
tudo ;  SPB  is  the  complement  of  its  right  ascension,  and  SEB 
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is  the  complement  of  its  longitude.  Draw  SM  perpendicular 
to  PB.  Represent  PM  by  a  ;  also  represent  the  longitude  of  the 
star  S  by  L,  its  latitude  by  Z,  and  the  obliquity  of  the  ecliptic 
by  6). 

Now,  by  Napier's  rule,  we  have 

R.  COS.  SPM=tang.  PM  cot.  PS; 
that  is,                sin.  R.  A.=tang.  a  tang.  Dec., 
or  tang.  a=sin.  R.  A.  cot.  Dec (A) 

Also,  EM=EP+PM=a+6). 

Again,  Trig.,  Art.  216,  Cor.  3, 

sin.  EM :  sin.  PM ::  tang.  SPM :  tang.  SEM ; 
that  is, 

sin.  (a+6)) : sin.  a ::  cot.  R.  A. :  cot.  L ::  tang.  L :  tang«  R.  A., 

,         T     tang.  R.A.  sin.  (a+w)  ,^v 

or  tang.  L  =  — -^ ^ L_I_Z (1) 

sm.  a 

Also,  tang.  EM  cot.  ES=R.  cos.  SEM ; 

that  is,  tang.  Z=cot.  (a+<<>)  sin.  L (2) 

Also,  Trig.,  Art.  216, 

COS.  PM:cos.  EM::co8.  PS:cos.  ES; 

. ,    ,  .  .     ,    cos.  (a+w)  sin.  Dec.  ,o\ 

that  IS,  sm.  /= >^ — - — '- (3) 

COS.  a 

And  R.  COS.  SEP=tang.  EM  cot.  ES ; 

that  is,  sin.  L=rtang.  (a+w)  tang.  / (4) 

Ex,  1.  On  the  1st  of  January,  1851,  the  R.  A.  of  CapeDa  was 
5k  5m.  42.03s.,  and  its  Dec.  45^  5(K  22^^4  N. ;  required  its  lati- 
tude and  longitude,  the  obliquity  of  the  ecliptic  being  23^  27^ 
25^^47. 

By  equation  (A),  ' 

R.  A.  760  25^  3(K^45     sin. =9.9876948 
Dec.  45°  5(y  22^^4       cot. =9.9872707 
a=43o  20"  68^^31  tang. =9.9749655 
6)=23Q  27"  25^47 
«+6)=66o  48^  23"".78 

By  equation  (1), 

tang.  R.A.=0.6171524 

sin.  (a + 6)) = 9.9634009 

cosec.  a= 0.1633928 

L=79o  46"  40"".93  tang. =0.7439461 
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By  equation  (2), 


cot.  (tt+«)=9.6319144 
sin.  L= 9.9930515 


l=22o  6r  48''.14:  tang.  ±=9.6249659 

By  equation  (3),  cos.  (a + w) = 9.6953154 

sin.  Dec. =9.8557564 

sec.  a= 0.1383583 

/=22o  51^  48''M4  sin.=9.5894301 

By  equation  (4),  tang,  (a +6)) =0.3680856 

tang.  /.= 9.6249659 
L=79o  46/  41-.00  sin. =9.9930515 

Formulas  (3)  and  (4)  give  nearly  the  same  result  as  formn* 
las  (1)  and  (2).  Formulas  (1)  and  (2)  are,  however,  to  be  pre- 
ferred, because  the  tangents  vary  more  rapidly  than  the  sines, 
especially  near  90^. 

Formulas  which  furnish  the  value  of  an  unknown  quantity 
by  means  of  its  tangent  or  cotangent,  are  generally  more  aoca« 
rate  than  those  which  furnish  it  by  means  of  its  sine  or  cosine. 

Ex,  2.  On  the  1st  of  January,  1851,  the  R.  A.  of  Regnlus 
was  lOh.  Om.  25.87s.,  and  its  Deo.  12^  41'  32'^7  N.  Required 
its  latitude  and  longitude,  the  obliquity  of  the  ecliptic  being  23^ 
27'  25''.47.  Ans.  Latitude,        0^  27'  35".3  N. 

Longitude,  147^  45'  30".3. 

Problem. 

(201.)  To  find  the  right  ascension  and  declination  of  a  star 

when  its  latitude  and  longitude 
are  knoum. 

Using  the  same  figure  as  in 
the  last  problem,  and  employing 
the  same  notation,  except  that 
we  represent  EM  by  a,  we  ob- 
tain 

tang.  EMcot.ES=R.cos.  SEM; 
that  is, 

tang.  EM  =  tang,  a 
=sin.  L  cot.  /  .  .  .  .  (A) 


Also, 


PM=EM-EP=a-a). 
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Again,  am.  PM  :«ii.  EM ::  tang.  SEM :  tang.  SPM ; 

that  is, 

8in.^0-^<i>):«in.  a:: cot  L:oot.B.A.::tang.  B.A.:tang.L. 

fin.     ^         X        -DA      tang.  L  sin.  (a— w)  ,^. 

Therefore,    tang.  B.A.=  — s , ^^ L (l) 

Also,  tang.  PM  oot  PS=B.  cos.  SPM ; 

that  is,  tang.  Dec.=oot  (a— (i>)8in.B.A. (2) 

Also,         oos.EM:oo8.  PM::oo8.ES:oo8.PS; 

....  .     _         cos.  (a— a)  sin.  /  -„. 

that  IS,  sin.  Deo.=  — ^ (3) 

cos.  a  ^ 

And  R,  008.  SPM=tang.  PM  cot  PS ; 

that  is,  sin.  B.  A.=tang.  (a— a)  tang.  Dec.  .  .  (4) 

Ex.  1.  On  tiie  1st  of  January,  1851,  the  Iraigitode  of  Capella 
was  79°  46'  40".93,  and  its  latitude  82°  51'  48'^.14  N. ;  required 
its  right  ascension  and  declination,  the  obliquity  of  the  ediptio 
being  23°  27'  25".47. 
By  equation  (A),  sm.  L =9.9930515 

oot  /=0.375Q341 
a=66o  48'  23".78  tang. =0.3680856 
<a=i23o  27'  25".47 
a-«=43o  20' 68".31 
By  equation  (1), 

tang.  L =0.7439461 

sm.  (a-<a)=9.8366072 

coeec.  0=0.0365991 

B.  A.  760  25'  30".45  tang. =0.6171524 

By  equation  (2), 

oot  (a-«) =0.0250345 
sin.  B.A.=9.9876948 
Deo.  460  50'  22".4  tang. =0.0127293 
By  equation  (3), 

sin.  /=9.5894301 

COS.  (a-w)=9.8616417 

seb.  a=0.4046846 

Deo. =450  60' 29".4  sin. =9.8557564 

By  equation  (4), 

tang.  (a-«)=9.9749655 
tang.  Deo.=0.0127293 
E.  A.=76<'  25'  30".4  sin. =9.9876948 
M 
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In  this  example  we  have  reproduoed  the  results  of  Ex.  1  in 
the  preceding  problem.  Equations  (1)  and  (2)  are  to  be  pre- 
ferred to  equations  (3)  and  (4),.  for  the.  reason  given  in  the  pre- 
ceding Article. 

Ex,  2.  On  the  1st  of  January,  1851,  the  longitude  of  Rega- 
ins was  147°  45'  3(K^3,  and  its  latitude  0°  27^  35^^3  N.;  re- 
quired  its  right  ascension  and  declination,  the  obliquity  of  the 
ecliptic  being  23°  27^  25^^47. 

Ans,  Right  ascension,  lOh.  Om.  25.87s. 
Declination,  12^  4r  32"^7  N. 

Problem. 

(202.)  To  compute  the  longitude,  right  ascensiony  and  dec- 
lination  of  the  sun,  any  one  of  these  quantities j  together  with 
the  obliquity  of  the  ecliptic,  being  given. 

Let  EPQP^  represent  the  equi- 
noctial colure,  EMQ,  the  equator, 
ESQ  the  ecliptic,  E  the  first  point 
of  Aries,  S  the  place  of  the  sun, 
PSP^  an  hour  circle  passing 
\<l  through  the  sun ;  then  EM  is  the 
sun's  right  ascension,  SM  his  dec- 
lination, ES  his  longitude,  and 
MES  the  obliquity  of  the  ecliptic. 
Then,  in  the  triangle  ESM,  we 
have 

tang.  ME  cot.  SE  =R.  cos.  E  ; 
that  is,  representing  the  obliquity  by  o), 

tang.  R.  A.=tang.  Long.  cos.  w (1) 

tang.  Long.=~5i: — '—^ (2) 

cos.  0) 

R.  sin.  ME = tang.  MS  cot.  E ; 

sin.  R.  A.=tang.  Dec.  cot  a> (3) 

tang.  Dec.=sin.  R.  A.  tang.  a> (4) 

R.  sin.  MS=:sin.  E  sm.  ES; 

sm.  Dec.=:8in.  <j  sin.  Long. (5) 

T  sii^*  Ddc.  //«\ 

sm.  Long.= — ; \p) 

°       sm.  0) 


and 

Also, 
that  is, 
and 

Also, 
that  is, 

and 
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Also,               B.  COS.  ES=oos.  ME  cos.  MS ; 
that  is,  COS.  Long.=cos.  R.  A.  cos.  Deo (7) 

and  co8.R.A.='^-^°°g- (8) 

cos.  Dec.  ^ 

Ex.  1.  On  the  1st  of  June,  1852,  at  Grreenwich  mean  noon, 
the  sun's  right  ascension  was  4h.  38m.  0.88s.,  and  his  declina- 
tion 22°  7'  13'^7  N. ;  required  his  longitude. 

By  formula  (7), 

COS.  R.  A.=69°  3(y  13^^2=9.5442510 

COS.  Dec. =9.9667958 

Longitude=7lo  4'  20^^3  cos. =9.5110468 

Ex.  2.  On  the  1st  of  January,  1852,  the  sun's  right  ascen- 
sion was  18h.  44m.  49.47s.,  and  his  declination  23°  3^  28"^0  S. ; 
required  his  longitude. 

Ans.  280°  18^  2^^4. 

Ex.  3.  On  the  20th  of  May,  1852,  the  sun's  longitude  was 
590  33'  42^^5,  and  the  obUquity  of  the  ecliptic  23°  27"  29^^06 ; 
required  his  right  ascension  and  declination. 

By  formula  (1), 

tang.  Long. =0.2309234 
COS.  6) =9.9625359 
570  2r  32^^94  tang.=0.1934593 
R.  A.=3h.  39m.  26.20s. 

By  formula  (5), 

sin.  Long. =9.9355960 

sin.  6) =9.5999681 

Dec.  200  4"  2r^96  sm.=9.5355641 

Ex.  4.  On  the  27th  of  October,  1852,  the  sun's  longitude  was 
2140  14/  45//.2,  and  the  obUquity  of  the  ecliptic  23^  27"  30"".69 ; 
required  his  right  ascension  and  declination. 

Ans.  Right  ascension,  14h.  7m.  56.39s. 
Declination,  12^  56"  43"M  S. 


CHAPTER  Vra. 

PARALLAX. 

(203.)  The  fixed  stars  are  so  distant  firom  the  earth,  that 
their  relative  positions  are  sensibly  the  same,  from  whatever 
point  of  the  earth's  surface  we  may  view  them.  It  is  otherwise 
with  the  sun,  moon,  and  planets,  which  are  near  enough  (es- 
pecially the  moon)  to  be  displaced  by  change  of  station  on  our 
■globe.  Two  spectators,  situated  on  different  points  of  the  earth's 
surface,  and  viewing  the  moon  at  the  same  instant,  do  not  see 
it  in  the  same  direction.  In  order  that  astronomers  residing  at 
different  points  of  the  earth's  surface  may  be  able  to  compare 
their  observations,  it  is  necessary  to  take  account  of  this  effect 
of  the  difference  of  their  stations,  and  it  is  convenient  to  adopt 
some  centre  of  reference  common  to  all  the  world,  to  which  each 
astronomer  may  reduce  his  observations.  The  common  point 
of  reference  universally  agreed  upon  is  the  centre  of  the  earth ; 
and  the  difference  between  the  apparent  positions  of  a  heaven- 
ly body,  as  seen  firom  the  surface  or  the  centre  of  the  earth,  is 
called  its  parallax. 

Problem. 

(204.)  To  find  the  parallax  of  the  moouj  etc.j  in  altitude. 
Let  C  represent  the  centre  of  the 
earth,  A  the  place  of  the  observer  on 
its  surboe,  M  the  moon,  and  CAZ  the 
direction  of  a  perpendicular  to  the  sur- 
face at  A.  Then  will  the  moon  be 
seen  from  A  in  the  direction  AM,  and 
its  apparent  zenith  distance  will  be 
ZAM ;  whereas,  if  seen  firom  the  centre 
of  the  earth,  it  would  appear  in  the  di- 
rection CM,  with  an  angular  distance 
firom  the  zenith  of  A  equal  to  ^GM ; 
so  that  ZAM-ZCM,  or  AMG,  is  the  parallax 
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Let  us  put  r = AC,  the  radius  of  the  earth ; 

R=:CM,  the  mooa's  distanoe  firom  the  earth's  cen- 
tre; 
z=ZGM|  the  moon's  true  zenith  distanoe; 
j2r^=:ZAM,  the  moon's  apparent  zenith  distance ; 
g=:AMC,  the  moon's  parallax  in  altitude. 
In  the  triangle  ACM,  we  have 

CM :  CA ::  sm.  CAM :  sin.  AMC, 

or  sm.  g=:5  sm.  x  ; 

that  is,  the  sine  of  the  parallax  in  altitude ==r^-- ^^ — =- 

Distanoe  of  body 

X  sine  of  the  apparent  zenith  distanoe. 

The  parallax,  therefore,  for  a  given  place,  and  a  given  distance 
of  the  body  observed,  is  proportional  to  the  sine  of  its  apparent 
zenith  distance,  and  is  therefore  the  greatest  when  the  body  is 
observed  in  the  act  of  rising  or  setting,  in  which  case  its  paral- 
lax is  called  its  horizontal  parallax. 

If  we  designate  by  p  the  horizontal  parallax,  we  shall  have, 
when  3;^=90<^, 

Hence  sin.  ^=sin.^  sin.  z^ -  0-) 

that  is,  the  sine  of  the  parallax  in  altitude  is  equal  to  the  sine 
of  the  horizontal  parallax,  into  the  sine  of  the  apparent  zenith 
distance. 

(205.)  This  formula  famishes  the  parallax  when  the  apparent 
zenith  distance  is  known,  but  when  the  true  zenith  distanoe  is 
given  we  require  a  diiferent  formula,  which  is  obtained  as  fol- 
lows : 

The  angle  ZAM=: ACM+ AMC ; 

that  is,  z^=z+q. 

Hence 
sin.  ^=sin.^  sin.  {z+q) 

=sin.  p  sin.  z  cos.  q+mii.p  cos.  z  sin.  q,  by  Trig.,  Art  72. 

Dividing  each  member  by  cos.  q,  we  obtain 

tang.  g=sin.  p  sin.  z+sin,  p  cos.  z  tang.  q. 

*X7,  ,  sin.  p  sin.  z  .-.. 

Whence  tang.  ^=r r^ (2) 

1—Qm.pcos.z 
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which  formula  furnishes  the  parallax  in  altitude  when  the  trao 

zenith  distance  is  known  ^  but  the  expression  is  not  convenient 

for  computation  by  logarithms.     If  we  divide  the  numerator  of 

this  expression  by  the  denominator,  we  shall  have 

tang.  q=sia.  p  sin.  z+sin.  ^p  sin.  z  cos.  z+sin,  ^p  sin.  z  cos.  ^2r+, 

etc. 

But  by  the  Calculus,  Art.  324,  Ex.  2, 

tang,  ^q  ,       , 
g=tang.  q 1— ^+'  ^^' 

Hence 

q=sin.  p  sin.  z+sin.  ^p  sin.  z  cos.  z+sixL  ^p  sin.  z  cos.  ^z 

sin.  ^p  sin.  ^z  ,       ,  ,  *  \ 

^  — +,  etc (A) 


3 

But  by  Trig.,  Art.  73, 

sin.  2z 
sm.  z  COS.  z= — - — . 

Also,  Trig.,  Art.  79, 

sin.  3z=4  sin.  z  cos.  ^jzr— sin.  5r, 
and  COS.  ^z — 1  =  —  sin.  *5r. 

Therefore      sin.  z  cos.  ^jz^— sin.  z=  —sin.  ^z; 

that  is,  sin.  3z=3  sin.  z  cos.  '^z— sin.  ^z, 

sin.  3z                         «       sin.  ^z 
or  — ^ — =    sm.  z  COS.  ^z ^r — . 

Therefore,  by  substitution  in  equation  (A),  we  obtain 

.  sin.  ^p  sin.  2z  .  sin.  ^p  sin.  32r  ,       . 
q=sm.p&m.  z-\ ^ — ^ 1 ^ h,  etc. 

If  we  wish  to  have  q  expressed  in  seconds,  we  must  divide  by 
sin.  V^y  and  we  shall  have 

sin.  p  sin.  z  ,  sin.  ^p  sin.  2z  ,  sin.  ^p  sin.  3z  .      ,        .^v 

which  furnishes  the  parallax  in  terms  of  the  true  zenith  distance 
by  a  series  which  converges  rapidly. 

(206.)  The  parallax  of  the  sun  and  planets  is  so  small,  that 
we  may  employ  the  more  convenient  formula, 

q=p  sin.  z (4) 

without  sensible  error.  But  for  the  moon,  when  the  apparent 
zenith  distance  (as  affected  by  parallax)  is  known,  we  must  make 
use  of  formula  (1) ;  but  when  we  know  only  the  true  zenith  dis- 
tance, we  must  adopt  formula  (2)  or  (3). 
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Ex.  1.  If  the  horizontal  parallax  of  Venus  is  S(y%  what  is  its 
parallax  for  an  altitude  of  30°  ? 

Solution.— By  formula  (4),  log.  3(K'=  1.4771 

sin.  60Q  =  9.9375 
il«s.  26^0=1.4146 
Ex.  2.  If  the  horizontal  parallax  of  Mars  is  10^^,  what  is  its 
parallax  for  an  altitude  of  24°  ? 

Solution.  log.  10^^=1.0000 

sin.  66Q= 9.9607 
Ans.  9^^1=0.9607 
In  this  manner  was  computed  Table  XV.,  showing  the  par- 
allax of  the  sun  and  planets  at  different  altitudes. 

Ex.  3.  If  the  horizontal  parallax  of  the  sun  is  8'''.6,  what  is 
its  parallax  for  an  altitude  of  16°  ?  Ans.  S'\21. 

Ex.  4.  If  the  moon's  horizontal  parallax  is  60^  41'^5,  what  is 
Jier  parallax  when  her  apparent  zenith  distance  is  80°  19'  19^'  ? 
Solution.— By  formula  (1),      sin.  60'  41''.5 =8.246833 

sin.  80°  19' 19^'    =9.993775 
Ans.  59^  49".67  sin. =8.240608 
Ex.  5.  If  the  moon's  horizontal  parallax  is  60^  41".5,  what 
3s  her  parallax  when  her  true  zenith  distance  is  79°  19'  29".33  ? 
Solution. — ^By  formula  (3), 

sin.  60'  41".5=8.246833 

sin.  79°  19'  29".33= 9.992418 

ooseo.  1"=5.314425 

59'  38".29=3578".29=3.663676 


sin.  2p= 6.4937 

sin.l58°39'=9.5612 

coeec.  2" =5.0134 

+  11''^70=1.0683 


Hence  59'  38".29+ll".70-0" 
(207.)  If  the  earth  were  a 
sphere,  a  plumb  line  suspended 
at  0  would  take  the  direction 
OC,  passing  through  C,  the  cen- 
tre of  the  sphere;  and  if  pro- 
duced upward,  it  would  meet  the 
heavens  in  Z.  This  line,  ZOC, 
would  also  be  perpendicular  to 


sin.  ^p= 4.740 
sm.  237°  58'=9.928n 
cosec.  3" =4.837 
-0".32=9.505 
J=59'  49".67  Ans. 
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the  tangent  line  TOT'.  But 
since  the  earth  is  a  spheroid,  the 
meridian,  PEP^Q,  is  an  ellipse, 
and  a  plumb  line  at  0  being  per- 
pendicular to  a  tangent  line,  TT'', 
takes  the  direction  of  the  normal 
line,  ON;  and  NO  being  pro- 
duced, meets  the  celestial  sphere 
in  Ta\  The  latitude  obtained  by  observation  will  be  expressed 
by  the  angle  Z^NQ.  This  is  called  the  apparent  or  geograph* 
teal  latitude;  while  Z  being  the  geocentric  zenith,  the  angle 
ZCQ,  is  called  the  geocentric  latitude.  The  angle  CON  is  the 
angle  which.a  vertical  line  makes  with  the  radius  of  the  earth, 
and  is  called  the  angle  of  the  vertical. 

Problem. 

(208.)  To  find  the  angle  of  the  vertical. 

Let  PEP'^Q,  be  a  section  of  the  earth  by  a  plane  passing 
through  the  poles.  This  section  is  an  ellipse,  whose  semi-major 
axis,  GQ.,  is  the  radius  of  the  equator,  and  whose  semi-minor 
axis,  CP,  is  half  the  polar  diameter.  If  O  be  the  position  of  an 
observer  whose  latitude  is  ^,  TT^,  a  tangent  to  the  ellipse  at  the 
point  0,  will  represent  a  horizontal  line,  and  Z'O,  which  is  per- 
pendicular to  TT^,  will  be  the  direction  of  a  plumb  line.  Rep- 
resent the  angle  00  Q,,  or  the  geocentric  latitude,  by  0'',  and 
draw  the  ordinate  OD.  Let  A  and  B  represent  the  semi-axes 
of  the  ellipse. 

By  An.  Q-eom.,  Art.  80,  the  subnormal  ND=-^a;,  where  x 

A. 

represents  the  abscissa  CD. 

But  OD=CD  tang.  OCD=ND  tang.  OND, 

B* 
or  X  tang.  ^^=--^  tang.  0 ; 

A. 

B* 
that  is,  tang.  ^^=-t3  tang-  0- 

B2 
The  value  of -p,  as  determined  by  Bessel,  is  0.9933254. 

Ex.  1.  Compute  the  geocentric  latitude  of  Cambridge  Ob- 
servatory, whose  geographical  latitude  is  42°  22'  48'''.6. 
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Solution.  log.  §=9.99709164 

tang.  42^  22'  48^^6=9.96022854 
Ans.  420  11/  2V\05  tang. =9.95732018 
Henoe  the  angle  of  the  vertical  is  11'  27''.56. 
Ex.  2.  Gompate  the  angle  of  the  vertical  for  latitade  40°  ? 

Solution.  log.  ^=9.99709164 

tang.  40Q =9.92381353 
Ans.  390  48'  40''.24  tang. =9.92090517 
Henoe  Hie  angle  of  the  vertical  is  11'  19".76. 
In  the  same  manner  was  computed  column  second  of  Table 
XII.,  showing  the  angle  of  the  vertical  for  every  degree  of  lati- 
tude. 


(209.)  The  horizontal  parallax  of  the  moon  is  the  angle  which 
the  earth's  radius  would  subtend  to  an  observer  at  the  moon. 
It  is,  therefore,  not  the  same  for  all  plaoes  on  the  earth,  but 
varies  with  the  earth's  radius.  It  is  necessary,  therefore,  to 
compute  the  earth's  radius  for  the  place  of  the  observer. 

m 

Problem. 

To  compute  the  radius  of  the  earth. 

Let  EPQ,  be  half  of  the  ellipse  formed 
by  a  section  of  the  earth  through  the 
poles.  On  EQ,  describe  a  semicircle, 
and  produce  OD  to  meet  the  circum- 
ference in  I.  Join  CO  and  CI.  Represent  the  angle  OCD  by 
^',  and  the  radius  OC  byr.  Then,  in  the  trian^e  OCD,  we 
have 

CD=OC  COS.  0'=r  COS.  0'; 
OD=OC  sin.  0'=r  sin.  <(>'. 

Alaoy  by  Conic  Sections,  Ellipse,  Prop.  12,  Cor.  3, 

B:A;:DO  =  DI=^*'.f^-^'. 
But  CD2+DP=CP=A^ 

Therefore       r*  cos.  V +^  •  ^  sin-  V= A». 
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Hence        r»  cos.  ^(ji'+r'  ^'  \,  tang.  0=A'*; 

tang.  9 

or,  multiplying  by  cos.  0, 

r^  COS.  0'  (cos.  (f/  COS.  ^+sin.  0^  sin.  0)=A^  cos.  0. 
Hence,  by  Trig.,  Art.  72, 

r^  COS.  (f/  COS.  (<^^--0)=A^  COS.  0. 
Therefore  r^=^ ipo^ _ ^^^ 

COS.  0' COS.  (0^-0)  ^ 

Ex.  1.  Compute  the  earth's  radius  for  Cambridge  Observato- 
ry, the  equatorial  radius  being  taken  as  unity. 

The  angle  of  the  vertical  was  found  in  the  preceding  article. 
By  formula  (1),  cos.  0=9.8684615 

sec.  0^=0.1302220 

sec.  (0"~0)=O.OOOOO24 

2)9.9986859 

log.  r=9.9993429 

Ex,  2.  Compute  the  earth's  radius  for  latitude  40^. 

COS.  40^=9.8842540 

sec.  390  48'  40^^24=0.1145491 

♦  sec.  IV  19^^76=0.0000024 

2)9.9988055 
log.  r=9.9994027 

Problem. 
(210.)  To  find  the  horizontal  parallax  for  any  place. 
Let  P  represent  the  horizontal  parallax  for  a  place  on  the 
equator,  p  the  same  for  a  place  in  any  other  latitude ;  let  r  and 
r'  be  the  radii  of  the  earth  for  the  two  stations ;  then,  by  Art 
204,  R  sin.  P=r; 

and,  for  the  same  reason, 

R.  sin.  ^=7^. 

r^ 

Therefore,  sin.  j9=—  sin.  P ; 

r 

or,  calling  the  equatorial  radius  unity, 

sin.  I? =7^  sin.  P. 

As  r'  is  nearly  equal  to  unity,  we  may,  without  appreciable 

error,  adopt  the  more  convenient  formula. 
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that  is,  the  moon's  horizontal  parallax  for  any  given  latitude  is 
equal  to  the  horizontal  parallax  at  the  equator,  multiplied  by 
the  radius  of  the  earth  at  the  given  latitude,  the  radius  at  the 
equator  being  considered  as  unity. 

Ex,l,  When  the  equatorial  horizontal  paraDax  is  53^  what 
is  the  horizontal  parallax  for  Cambridge  Observatory  ? 

Solution.  53^ = 318(K^ = 3.5024271 

r^=9.9993429 
Ans.  3175''M9=3.6017700 

Ex.  2.  When  the  equatorial  horizontal  parallax  is  59"",  what 
is  the  horizontal  parallax  for  latitude  40^  ? 

Solution.  59" = 3540^" = 3.5490033 

r"=:  9.9994027 
Ans.  3635"M3=3.5484060 

It  is  this  corrected  value  of  the  equatorial  parallax  which 
should  be  employed  in  all  computations  which  involve  the  par- 
allax of  a  particular  place. 

Since  the  effect  of  parallax  is  confined  to  a  vertical  plane, 
when  the  moon  is  on  the  meridian  there  is  no  parallax  in  right 
ascension,  but  its  effect  is  wholly  on  the  declination.  In  every 
other  position  of  the  moon  (the  vertical  circle  passing  through 
the  moon  being  inclined  to  the  circle  of  right  ascension),  par- 
allax affects  the  right  ascension  as  well  as  declination  of  the 
moon. 

Problem. 

(211.)  To  compute  the  parallax  in  right  ascension. 

Let  HZO  be  a  meridian, 
Z  the  geocentric  zenith  of  the 
place  of  observation,  and  P 
the  pole  of  the  equator.  Let 
A  be  the  true  place  of  the 
moon  seen  from  the  centre 
of  the  earth,  and  B  the  ap- 
parent place  seen  from  the 
surfieice ;  then  will  the  arc  AB  be  the  parallax  in  altitude ;  and 
the  true  hour  angle,  ZPA,  is  changed  by  parallax  into  ZPR 
Therefore  APB  is  the  parallax  in  right  ascension. 
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Let  US  represent  the  hori- 
zontal paralkx  of  the  place 
by  p;  the  parallax  in  right 
ascension  by  11;  the  hoar  an* 
gle,  ZPA  (which  is  equal  to 
the  sidereal  time,  minus  the 
moon's  true  right  ascension), 
by  A;  the  moon's  declination 
(which  equals  90^— AP)  by  tJ;  and  the  geocentric  latitude  of 
the  place  of  observation  by  if/.  The  angle  ZPB  will  then  be 
equal  to  A+n. 

In  the  spherical  triangle  ABP,  we  have 

A-D    •     T>..  •     AT»     .      AT^-r»      .     «    sin.  AB  sin.  B 

sm.  AP :  sm.  B ::  sm.  AB :  sm.  APB=sm.  n= -. — rs • 

sm.  AP 

Also,  in  the  spherical  triangle  BPZ,  we  have 

sin.  BZrsin.  BPZ::8in.  PZ:8in.  B=""- ^^  ^^if^+^V 

sm.  BZ 

Therefore  8m.n==?|5^.^EiZZ?MA±n) 

sm.  AP  sm.  BZ 

But,  by  Art.  204, 

sin.  AB=sin.  p  sin.  BZ. 

Tx  .    „    sin.  »  sin.  BZ  sin.  PZ  sin.  (A+H) 

Hence    sm.n= ^ ; — j-^-^ — ==— ^ - 

sm.  AP  sm.  BZ 

_sin.  p  cos.  <f/  sin.  (A+n) 
cos.  6 

T    .  X  sin.  p  cos.  ib' 

Let  us  put  a= — -^^. 

'^  COS.  6 

Then 

sin.  n=a  sin.  (A+n) (1) 

=:a  sin.  A  cos.  Il+a  cos.  A  sin.  n.     Trig.,  Art.  72.    [ 

Divide  each  member  by  cos.  n,  and  we  have 

tang.  n=a  sin.  A+a  cos.  A  tang.  n. 

Therefore  tang.  n=,  ^^'^^ (2) 

°         1— a  COS.  A 

This  formula  may  be  developed  in  a  seri^  as  in  Art.  206,  and 

we  shall  obtain 

_    a  sin.  A  ,  a*  sin,  2A  ,  a'  sin.  3A  ,      .  ,^. 
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Equation  (1)  will  furnish  the  parallax  in  right  ascension,  when 
we  know  the  apparent  hour  an^le  (as  affected  by  parallax) ;  but 
when  we  know  only  the  true  hour  angle,  A,  we  must  employ 
equation  (3)  or  equation  (3). 

Ex.  1.  Find  the  moon's  parallax  in  right  ascension  for  the 
ffigh  School  Observatory,  Philadelphia,  Lat  39°  57''  T'  N.,  when 
the  horizontal  parallax  of  the  place  is  59^  SS'^'^.S,  the  moon's  Deo. 
24°  5'  11^^6  N.,  and  the  moon's  hour  angle  6lo  10'  47'' A. 
The  geocentric  latitude  of  the  place  is  39°  45'  47''.5. 
By  formula  (3), 
sin.;?=:8.239048 
cos.  0'=9.886754 

sec.  J=0.039563  a2=6.3287  ^3^4.493 

a=8.164365  sin.  2A=9.9267         sm.  3A=8.791n 

sin.  A=9.942572      coseo.  2'' =5.0134     cosec.  3''=4837 
oosec.  r'=5.314425      +18''.57= 1.2688       -0'',01=ai2lii 
2638".53=3.421362 
Hence 

n=2638''.53+18''.57-0''.01=44'  17^'.09. 
Therefore  the  moon's  apparent  hour  angle  is 
61°  10'  47".4+44'  17'M 
=61^55'    4".5. 
With  this  hour  angle  the  parallax  may  be  computed  by  form- 
ula (1),  thus :  a=8.164365 

sm.  (A+n)=9.945604 
Ans.  sin.  44'  17".09= 8.109969 

Ez.  2.  Find  the  moon's  parallax  in  right  ascension  for  the 
High  School  Observatory,  Philadelphia,  when  the  horizontal  par- 
allax of  the  place  is  57''  7"A  the  moon's  Deo.  26^  23'  3".6  N., 
and  hour  angle  32''  39'  49".5. 

Solution. 

8in.p.=8.220532 

cos.  0'=9.885754 

sec.  (5=0.047773  a^=6.3081  a^^4.462 

a=8.154069  sin.  2A=9.9584         sm.  3A=&.996 

sin.  A=9.732158  ooeec.  2"=5.0134  coseo.  3"=4.837 
oosec.  1"=5.314425  19".05=1.2799  0".20=9.295 

1587".24=3.200642 
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Hence  n=168r^24+19^^05+(K^20=26^  46^^49. 

Therefore  the  moon's  apparent  hour  angle  is  33°  6'  36^^0. 

By  formula  (1),  a = 8.154059 

sin.  (A+n)=9737390 
Ans.  sm.  26^^  46^^49=7.891449 

Ex.  3.  Find  the  moon's  parallax  in  right  ascension  for  West- 
em  Reserve  College,  Ohio,  Lat.  41^  14'  42''',  when  the  horizon- 
tal  parallax  of  the  place  is  59'  36".5 ;  the  moon's  Dec.  24°  4' 
41".7  N.,  and  hour  angle  68°  9'  51".9.  Ans.  45'  56".5. 

Ez,  4.  Find  the  moon's  parallax  in  right  ascension  for  West- 
em  Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the 
place  is  57'  7".7;  the  moon's  Dec.  26°  24'  31".5  N.,  and  hour 
angle  23°  13'  12".0.  Ans.  19'  12".6. 

In  this  manner  was  computed  Table  XVI.,  showing  the  moon's 
parallax  in  right  ascension  for  Cambridge  Observatory  for  all 
hour  angles  from  the  meridian  to  the  horizon. 

Problem. 

(212.)  To  compute  the  moorCs  parallax  in  declination. 

Let  Z  be  the  geocentric  ze« 
nith  of  the  place  of  observa- 
tion, P  the  pole  of  the  equa- 
tor, A  the  Irue  place  of  the 
moon,  and  B   its    apparent 
place ;  then  AB  is  the  paral- 
lax in  altitude,  and  BP— AP 
is  the  parallax  in  declination. 
Represent  the  true  declination,  zenith  distance,  and  hour  an- 
gle of  the  nK)on  by  <5,  Z,  and  h  ;  and  the  apparent  values  of  the 
same  quantities  by  the  same  letters  accented,  <5',  Z',  and  A'. 
Also,  let  7r  represent  the  parallax  in  declination. 
By  Trig.,  Art.  225,  we  have 

.     COS.  a—cos.  h  cos.  c 

COS.  A  = ; — J—, . 

sm.  h  sm.  c 
This  formula,  applied  successively  to  the  triangles  APZ  and 
BPZ,  gives 

COS.  AP— COS.  PZ  COS.  AZ    cos.  BP-cos.  PZ  cos.  BZ 


co8.AZP= 


sin.  PZ  sin.  AZ  sin.  PZ  sin.  BZ 
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Therefore 

sin.  (J— sin.  ^^  cos.  Z__sin.  d^— sin.  0'  cos.  Ta\ 
sin.  Z  ""  sin.  7/  ' 

that  is, 

sin.  6  sin.  Z^— sin.  0^  sin.  Z^  cos.  Z=:sin.  6^  sin.  Z 

—sin.  0^  sin.  Z  cos.  Z^, 
or 

sin.  (5  sin.  Z^— sin.  ^^  (sin.  Z'  cos.  Z— sin.  Z  cos.  Z^)=sin.  6^  sin.  Z. 
But  by  Trig.,  Art.  72,  the  factor  included  within  the  paren- 
thesis is  equal  to  sin.  (Z'~Z),  which,  by  Art.  204,  is  equal  to 
sin.  Qy  or  sin.  p  sin.  Z\ 
Therefore 

sin.  (5  sin.  Z'— sin.  p  sin.  ^^  sin.  Z^=sin.  cT  sin.  Z, 
or  sin.  6^  sin.  Z=sin.  Z^  (sin.  tJ— sin.  p  sin.  ^0  •  •  (A.) 

Now,  in  order  to  eliminate  Z^  and  Z,  we  have,  in  the  spherical 
triangles  AZP  and  BZP, 

.  „j.    sin.  AP  sin.  APZ    sin.  BP  sin-  BPZ 

sin.  AZP= = . 

sm.  AZ  sm.  dIi 

Therefore 

sin.  BZ  sin.  AP  sm.  ATZ 


sin.  BP  sin.  AZ= 


sin.  BPZ 


,,   .     „    sm.  Z^  cos.  d  sm.  A  ,^. 

or  COS.  6  sm.  Z= : — r-; .  .  •  .  (B) 

sm.  h'  ^ 


Dividing  equation  (A)  by  equation  (B),  we  obtain 

-.sm.  / 
\sin.  A' 


,,    sm.  (5— sm.  p  sm.  0'    .     ,, 

tang,  d' = . —  -    ^——T- .  sm.  h', 

sm.  A  COS.  o 


„         ,         ,  •  /sm.  (J    sm.  »  sm.  ^^si 
Hence  tang.  <5^=( — ^-^  H 

°  \C08.  (J  COS.  <5        /SI 


sin.  A 


/-     sm.  p  sm.  A'^sm.  A\        ,  ,^. 

=11 »     ^       W-^  tang.  (5 .  .  .  (1) 

\  sm.  d      /sm.  A       °  ^  ^ 


(213.)  Formula  (1)  furnishes  the  apparent  declination  in  terms 
of  the  true  declination,  the  true  hour  angle  and  the  apparent 
hour  angle,  which  is  obtained  by  the  preceding  problem.  It  is 
the  simplest  formula  known  for  the  parallax  in  declination ;  but 
in  order  to  obtain  all  the  accuracy  which  is  required  in  many 
computations,  it  is  necessary  to  have  a  table  of  sines  and  tan- 
gents to  seven  decimal  places  for  every  second  of  the  quadrant. 
It  is,  therefore,  sometimes  more  convenient  to  have  a  formula 
which  shall  famish  the  parallax  directly. 
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From  the  last  equation  but  one  we  have 

tang.  6^  sin.  A_ .  sin.  p  sin.  0^ 

^^—j-^       -tang.  oos.d     * 

.                 ,          .    tang.  6^  sin.  h    sin.  o  sin.  if/ 
whence         tang,  <5—      ^, — =- = 21 

SUL  h'  008.  6 

or 

tang.  «5-tang.  <r+taiig.  ^._taiig.(>-8in.A    sin-psin.^^ 

But   tang.  J-tang.  J^= f°'  i*^"*^!.    Trig.,  Art.  76. 

Therefore 

sin.  (d-dO     sin,  p  sin.  ^-_  tog^         ^,_^ 

COS.  J  COS.  d'  COS.  6  SUL  W 

But  by  Trig.,  Art  76, 

sin.  A'-sijL  A=2  sin-  i(A'-.A)  cos.  i(A'+A) 

=2  sin.  ^n  co6.(A+in). 

Therefore 

sin.  TT      _sin.JP  sin.  0^    2  sin,  ^n  cos.  (A+^n)  tang,  di" 

cos.  d  COS.  J^""      COS.  6  sin.  A^ 

But  by  Trig.,  Art.  74, 

^   .     ,„      sin.  n      1 .  r  1^     A^  oil     sin. ^  COS.  d>^  sin.  A^ 

2  sm.  in= r— f  which,  by  Art.  211= — r— ^— i . 

COS.  in  "^  COS.  6  COS.  in 

Therefore 

sin.  7r=sin.  p  sin.  ^^  cos.  6* 

—sin.  p  COS.  ^'^  COS.  (A+Jn)  sec.  in  sin.  6'    .  (C) 

Let  us  put 

cot.  6=008.  (A+in)  cot  0^  sec.  in    (D) 

Then 

sin.  7r=sin.  p  sin.  ^'  cos.  d^— sin.  p  sin.  0^  sin.  d^  cot  h 


^  Ycos.  d''  sin.  6— sin.  d^  cos.  V\ 

"^-  n — ^Th — ) 


=sin.  p  sm. 

="^'^^'»^in.(&-^dO.    By  Trig.,  Alt  72. 
sm.  b  ^        t       J      -^^ 

T    .         1         .  sin.  p  sin.  0^ 

Let  us  also  put  c= ^ — =—2-. 

sm.  h 

Then  sin.  7r=c  sin.  (6— d+7r) (2) 

But  by  Trig.,  Art  72, 

sin.  (6— d+7r)=8in.  (6— d)  cos.  tt+oos.  (6— d)  sin.  m 

Therefore 
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sin.  7r=c  sin.  {b—6)  oos.  ir+c  cos.  (6— J)  sin.  ir. 

Dividing  by  cos.  tt,  we  have 

tang.  7r=c  sin.  {b^d)+c  cos.  {b—6)  tang.  n. 

Whence 

.                 c  sin.  lb'" 6)  ,ox 

tang.  ir=.i ^  ,,    '. (3) 

Developing  this  formnla  in  a  series,  as  in  Art.  205,  we  obtain 
c sin.  (6— <5)    c* sin.  2(ft— d)    c^ sin.  3(6--d)  ... 

Sin.  1^'  sm.  2''  sin.  3'^  ^  ' 

Equation  (2)  will  famish  the  parallax  in  declination  when  we 
know  the  apparent  declination  (as  affected  by  parallax).  But 
when  we  know  only  the  true  declination,  we  most  employ  equa- 
tion (1),  or  (3),  or  (4). 

(214.)  The  auxiliary  an- 
gle  by  introduced  in  equation 
(D),  has  a  geometrical  sig- 
nifioatioiL 

If  we  draw  the  arc  PC, 
bisecting  the  angle  APB,  we 
shall  have  APC  =  in,  and  h^ 

ZPC=A+ in,  whence  equa-  

tion  (D)  becomes  ^ 

cot  6=cos.  ZPC.tang.  PZ  sec.  APC, 
or  cot.  A  COS.  APC=tang.  PZ  cos.  ZPC  ....  (1) 

If  we  draw  Zb  perpendicular  to  PC,  Poft  will  be  an  isosceles 
triangle,  and  we  shall  have,  by  Napier's  rule, 

tang.  Pc=tang.  Pa  cos.  APC=tang.  PZ  cos.  ZPC  .  (2) 

Comparing  equations  (1)  and  (2),  we  see  that  the  arc  6  is  the 
complement  of  Pa,  or  the  arc  b  is  equal  to  the  declination  of  the 
point  a.  If  we  produce  the  arcs  PA  and  PB  to  meet  the  equa- 
tor EQ,,  tjien  ail  or  6N  will  represent  the  arc  b. 

But  AM=cJ. 

Therefore  Aa=6— <5. 

Also,  BN=<r=d-7r. 

Therefore  B6=6-(d-7r)=4-d+7r. 

Also,  by  Spherical  Trigonometry,  Art.  215, 

sin.  ZaA :  sin.  ZA ::  sin.  AZa :  sin.  Aa, 
and  sin.  ZB :  sin.  ZbB ::  sin.  Bb :  sin.  BZ6. 

N 
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Therefore,  since  Foi  is  an  isosceles  triangle,  we  havis 
sin.  ZB :  sin.  ZA ::  sin.  66 :  sin.  Aa, 
sin.  z'    sin.  (i— d+ir) 
sin.  z       sm.  \b—6) 
This  equation  will  be  employed  in  Art.  218,  page  200. 
Exi  1.  Find  the  moon's  parallax  in  declination  for  the  High 
School  Observatory,  Fhiladelphia,  when  the  horizontal  parallax 
of  the  place  is  59'  36".8,  the  moon's  Deo.  24°  &  11".6  N.,  the 
moon's  hour  angle  61°  10'  47".4,  and  the  parallax  in  right  as* 
cension  44'  17".l. 

Solution. — ^By  formnla  (1),  page  191, 

8in./>=  8.2390478 

sin.  0'=  9.8059193 

ooseo.  «t= 10.3892161 

.02717585  =  8.4341832 

.97282415=  9.9880344 

sin.  A'=  9.9456035 

tang.d=  9.6503464 

coeec.  A  =  10.0574279 

<J'=23«>  39'  1".50  tang.=  9.6414122 

Therefore  ^=24°  5'  ll".6-23<'  39'  1".60=26'  10".l. 

By  formula  (4),  page  193,    cos.  (A + In) = 9.677980 

cot.  0'= 0.079834 
sec.  ^n= 0.000009 
6=600  12'  22".2  cot =9.757823 
(5=24°    5'  11".6 
6-d=36°    7'10".6 

sin.  p= 8.239048 
sin.  ^'=9.805919 

ooseo.  6=0.061571  c»=65131                <:»=4.320 

c=8.106538  8in.2(6-<J)=9.9788  sin. 3(6 -d)= 9.977 

8in.(6-<J)=9.770464  coseo.  2" =5.0134      cosec.3"=4.837 

co8eo.l"= 5.314425  16".04=1.2053           0".14=9.134 
1653".91 =3.191427 

Tr=1553".91+16".04+0".14=26'  10".l. 
Therefore  the  moon's  apparent  deoUnation  is 
24°    5' ll".6-26' 10".l 
=23039'    1".5N. 
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Witii  this  declination  the  parallax  may  be  computed  by  form- 
ula (2),  page  192,  thus : 

c= 8.106638 
sin.  (6 -J0= 9.774963 
sin.  26'  10".1= 7.881501 
Ex.  2.  Find  the  moon's  parallax  in  declination  for  the  High 
School  Observatory,  Philadelphia,  when  the  horizontal  parallax 
of  the  place  is  57'  7".5,  the  moon's  Deo.  26°  23'  3".6  N.,  the 
moon's  hour  angle  32*'  39'  49".5,  and  the  parallax  in  right  as- 
cension 26'  46".5. 

Solution. — By  formula  (4), 

cos.  (A  +  in)  =  9.924147 

cot.  ^'=0.079834 

sec.  in =0.000003 

6=44°  44'  13".7  cot. =0.003984 

6=26°  23'    3".6 

6-<J=18o21'10".l 

sin.  j9= 8.220532 

sin.  ^'=9.805919 

cosec.  ft =0.152517 

c=8.178968  c*=6.3579                c'=4.537 

em.  (i-«J) =9.498128  sin. 2(6 -<5)= 9.7765  sin. 3(6 -d)= 9.914 

cosec.  1"= 5.314425  cosec.  2" =5.0134     cosec.  3"=4.837 

980".67= 2.991521  14".06= 1.1478          0".19= 9.28a 

7r=980".67+ 14".06+0".19= 16'  34".92. 

Therefore  the  moon's  apparent  declination  ia 
26°  23'    3".6-16'34".9 
=26°    6'28".7N. 
With  this  declination  the  parallax  may  be  computed  by  form- 
ula (2),  thus : 

c= 8.178968 
sin.  (6-rf') =9.504392 
sin.  16'  34".92  =  7.683360 
Ex.  3.  Find  the  moon's  parallax  in  declination  for  Western 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  place 
is  59'  36".5,  the  moon's  Dec.  24°  4'  41".7  N.,  and  hour  angle 
68°  9'  61".9 ;  and  the  parallax  in  right  ascension  45'  56".5. 

Am.  29'  17".9. 
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Ex.  4.  Find  the  moon's  parallax  in  declination  for  Western 
Reserve  College,  Ohio,  when  the  horizontal  parallax  of  the  plaoe 
is  57"  7"^7,  the  moon's  Dec.  26°  24"  31"".5  N. ;  the  hour  angle 
is  23°  13"  12"".0,  and  the  parallax  in  right  ascension  19"  12"".6. 

Ans.  16"  15"".8. 

The  effect  of  parallax  is  always  to  increase  the  hour  angle,  or 
the  angular  distance  of  the  moon  from  the  meridian ;  hence, 
when  the  moon  is  on  the  eastern  side  of  the  meridian,  the  par- 
allax in  right  ascension  increases  the  true  right  ascension  of  the 
moon ;  but  when  the  moon  is  on  the  western  side  of  the  merid<- 
ian,  the  parallax  diminishes  the  right  ascension.  |Che  parallax 
in  declination  increases  the  distance  of  the  moon  from  the  north 
pole  in  both  situations. 

In  the  computation  of  occultations  of  stars  by  the  moon,  it  is 
convenient  to  know  the  change  which  the  parallaxes  undergo  in 
a  given  interval  of  time,  as,  for  example,  in  one  hour.  This  may 
be  effected  by  differentiating  the  expressions  abready  obtained 
for  the  parallaxes. 

Problem. 

(215.)  To  find  the  hourly  variation  of  the  parallax  in  right 
ascension. 

Equation  (1),  of  Art.  211,  is 

„     sin.  p  COS.  0"  sin.  A" 

sm.  n= \ . 

COS.  6 

Since  the  arcs  11  and  p  are  in  all  cases  small,  they  will  differ 
but  little  from  their  sines,  and  sin.  A"  differs  but  little  from  sin. 
h  ;  we  will  therefore  employ  the  more  convenient  formula, 

n — z       • 

cos.  0 

In  this  formula  h  is  the  only  quantity  which,  by  its  rapid  va- 
riation,  has  any  important  influence  on  the  quantity  sought. 
Hence,  regarding  h  as  the  only  variable,  we  obtain 
rfn—P  cos.  0"  cos.  hdh 
"~  cos.  6 

The  differential  of  h  must  be  taken  in  parts  of  radius.  If  the 
variation  is  required  for  one  hour,  dh  will  represent  the  arc  of 
15°,  which  is  .2617994,  radius  being  unity. 
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.  Ex.  1.  Find  the  hourly  variation  of  the  moon's  parallax  in 
right  ascension  for  Cambridge  Observatory,  whose  geooentrio 
latitude  is  42^  11^  21  ^^  when  the  horizontal  parallax  of  the 
place  is  57^,  the  moon's  Deo.  25°,  and  the  hour  angle  50°. 

Solution.  p=57'= 3420^' = 3.534026 

cos.  0^=9.869778 
cos.  A  =  9.808067 
rfA  =  .2617994=9.417969 
sec.  d=0.042724 
470^^5=2.672564 
Ex.  2.  Find  the  hourly  variation  of  the  moon's  parallax  in 
right  ascension  for  Cambridge  Observatory,  when  the  horizontal 
parallax  of  the  place  is  6V,  the  moon's  Dec.  20°,  and  the  hour 
angle  15°.  Ans.  729^^8. 

Problem. 

(216.)  To  find  the  hourly  variation  of  the  parallax  in  dec- 
lination. 

Equation  (C),  of  Art  213,  is 
sin.  7r=sin.  p  sin.  0'  cos.  cT— sin.  p  cos.  <t>^  cos.  A  sec.  in  sin.  6\ 
Substituting  the  arcs  tt  and  p  for  their  sin&s,  and  using  6  m 
place  of  6%  we  obtain  the  following  more  convenient  formuia, 
which  affords  an  approximate  value  of  tt, 

'n=p  sin.  0'  cos.  S—p  cos.  ^'  cos.  h  sin.  6. 
Differentiating  this  formula,  regarding  h  as  the  only  variable, 
we  obtain 

d'j=p  cos.  ^^  sin.  6  sin.  hdh. 
Ex.  1.  Find  the  hourly  vaiiation  of  the  moon's  parallax  in 
declination  for  Cambridge  Observatory,  when  the  horizontal  par- 
allax of  the  place  is  57'  the  moon's  Dec.  25°,  and  the  hour  an- 
gle 50°. 

Solution.  p=3.534026 

COS.  0^=9.869778 

sm.  J =9.625948 

sin.  A =9.884254 

</A= 9.417969 

214^^8  =  2.331976 

Ex.  2.  I'ind  ihe  hourly  variation  of  the  moon's  parallax  in 
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declination  for  Cambridge  Observatory,  when  the  horizontal  par- 
allax of  the  place  is  61^,  the  moon's  Deo.  20^,  and  the  hour  an- 
gle 15^.  Ans.  62"^8. 


"  (217.)  The  apparent  diameter  of  the  moon  is  the  angle  which 
its  disk  subtends.  This  angle  is  not  the  same  for  all  points  of 
the  earth,  on  account  of  their  different  distances  from  the  moon. 
As  the  moon  rises  above  the  horizon  (if  we  suppose  its  distance 
from  the  centre  of  the  earth  to  remain  constant),  its  distance 
from  the  place  of  observation  must  diminish  while  its  altitude 
increases,  and,  consequently,  its  apparent  diameter  must  increase. 

Problem. 

To  find  the  augmentation  of  the  moorCs  semi-diameter  on 
account  of  its  altitude  above  the  horizon. 

Let  C  and  M  be  the  cen- 
tres of  the  earth  and  moon, 
and  A  a  point  on  the  earth's 
surface.  The  semi-diameter 
of  the  moon,  as  seen  from  C, 
is  the  angle  BCM;  but  the 
semi-diameter,  as  seen  from 
A,  is  the  angle  B^AM. 

Represent  the  angle  BCM 
by  S;  the  angle  B^AMby  S' ; 
the  angle  ZCM  by  Z,  and  the 
angle  ZAM  by  Z\ 
Then,  in  the  right-angled  triangle  BCM,  we  have 

BM 


sin.  BCM  =  sin.  S  = 
Also,  in  the  triangle  B^AM,  we  have 


CM' 


Hence    sin.  S 


sin.  B^AM=sin.  S'  = 
B^M 


B'M 


•^■^'■■■■m 


AM 


AM' 
AM:  CM. 


But  in  the  triangle  CAM  we  have 

AM :  CM ::  sin.  ACM :  sin.  CAM ::  sin.  Z :  sin.  Z\ 
Therefore        sin.  Srsin.  £)'::sin.  Z:sin.  Z', 
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o/    si^«  S  sin.  Ta  , . . 

or                              sin.  S^= , — _ (A) 

sin.  Z  ^   ' 

.    But  since  S  never  amounts  to  17^  we  may  substitute  the  are 

for  its  sine,  and  we  obtain 

S.sin.  Z' 


S^=^ 


Hence  S'^8=S, 


sin.  Z 
sin.  Z^—sin.  Z 


sin.  Z       ' 

which  represents  the  augmentation  of  the  moon's  semi-diame- 
ter, as  seen  from  a  point  on  the  earth's  surfieice  instead  of  its 
centre ;  Z  being  the  zenith  distance  of  the  moon  viewed  from 
the  centre,  and  Z^  the  zenith  distance  as  seen  from  the  surfiaioe. 
But  by  Trig.,  Art  75, 

sin.  Z"-sin.  Z=2  sin.  i(Z^-Z)  cos.  i(Z'+Z). 
Hence 

x=S'^S=-^.Bin.  i(Z^~Z)  cos.  J(Z^+Z). 
sm.  Z 

If  we  represent  the  parallax  in  altitude  by  ^,  we  shall  have 

Z=Z-^. 

2S 

Hence        a;=  -^ — -=- ,  sin.  i  q  cos.  (Z'  —  \q). 

sm.  (Z'—q)  ^ 

But  since  the  angle  q  is  always  small,  we  may,  without  sensi- 
ble error,  put  q  for  sin.  q^  and  make  cos.  q  equal  to  unity.    Hence 
gi.<ycos.(Z--^^) 
•    sin.  (Z^-^)      • 
But  by  Trig.,  Art.  72, 

COS.  (Z^— i^)=cos.  Z'  cos.  ig+fiin.  Z^  sin.  ^q. 
Also,      sin.  (Z^— ^)=sin.  Z^  cos.  ^— cos.  Z'  sin.  q. 
Hence  ^^S.^(cob^Z-+j^  sin.  ZQ 

sm.  Z^— ^  cos.  Z' 
But,  according  to  Burckhardt's  Tables  of  the  Moon,  we  have ' 

S::p::  1:3.6697. 
If  we  represent  3.6697  by  ft,  then 
p—k.B. 
And  by  Art.  204, 

qz=zk.S  sin.  Z^ 
Therefore 

_A;.ffl  sm.  Z^  (cos.  Z'+jk.S  sin.  ^ZQ 
^""        sin.  Z'-&.Ssin.  Z'co8.Z"        ' 
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_fe.S^(oo3.  Z'+jk.S  sin.  ^ZQ 
°'  '^"  1-&.SC0S.Z'  ' 

Dividing  the  numerator  by  the  denominator  in  order  to  de- 
velop this  expression  into  a  series,  we  obtain 

x=k,S^  cos.  Z'+ik^S^+ik^.S^  COS.  ^Z'+,  etc. 
If  we  put  A=&  sin.  1'"= 0.00001779,  we  shall  have  for  the 
augmentation  expressed  in  seconds, 

a;=AS'oos.  Z^+iA'S3+iA2S3cos.«Z^+,etc.  .  (1) 
By  this  formula  was  computed  Table  XIII.,  by  which  the 
augmentation  of  the  moon's  semirdiameter  may  be  obtained  by 
inspection. 

(218.)  When  the  parallax  in  declination  has  been  previously 
computed,  the  following  method  is  preferable : 
By  Art.  214,  page  194, 

sin  Z^_sin.  (6— d+?r) 
sin.  Z""    sin.  (b—d) 
Hence,  from  equation  (A),  page  199, 

.      ^,_sin.  5sin.(ft-d+7r) 

BUI.    O    — 1 jY -r , 

sm.  {o—d) 

,.«,.«     sin.  S{sin.  (6— J+7r)--sin.  (6— <5)} 

and    sm.  S^— sm.  S= >— . — /,    \^ ^ '—. 

sm.  (ft— d) 

But  by  Trig.,  Art.  75, 

sin.  (ft— d+tr)— sin.  (ft— d)=2  sin.  in  cos.  (ft— d+i7r). 
Therefore 

sin.  S^-sin.  g^sin.g.2sin.^7rcos.(ft-d+H 

sin.  (ft— d) 
But  since  the  arcs  S,  S%  and  n  are  very  small,  we  may  put 
S=sin.  S,  and  2  sin.  i7r=8in.  m 

Hence      x=S^-S=^^^^:S^2tJt:p±l). 

sm,  (ft— d) 

But  by  Trig.,  Art.  72, 

COS.  (ft— d+i7r)=cos.  (ft— d)  COS.  i7r— sin.  (ft— d)  sin.  in. 
Hence 

__  S.sin.  n  {cos.  (ft— d)  cos.  irr— sin.  (ft— d)  sin.  in] 
^""  sin.  (ft-d)  ' 

or  a:=  S  sin.  n  cot.  (ft— d)  cos,  ^tt—  S  sin.  n  sin.  in. 

If  we  assume  cos.  in  equal  to  unity,  and  sin.  in  equal  to  i 
sin.  TT,  we  shall  have 

x=  S  sm.  n  cot.  (ft-.d)-iS  sin.  V  ...  .  (2) 
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When  we  know  the  moon's  apparent  altitude,  we  may  com- 
pute its  apparent  diameter  by  equation  (1),  or  take  it  directly 
from  Table  XIII. ;  but  when  the  parallax  in  declination  has  been 
computed,  it  is  better  to  employ  equation  (2.)  The  value  of 
(6-d)  is  obtained  by  Art  213,  page  192. 

Ex.  1.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter when  its  true  semi-diameter  is  16^  SO^"",  and  its  apparent 
altitude  66°. 

Solution. — By  equation  (1),  page  200, 

16^  30^^=990^^=2.99564  S3^8.9869 

2  A2=0.6004 

S2=6.99128  0.5=9.6990 

A=5.25021  0M5=9.1863 

cos.  Z^  =  9.96073  cos.  ^Z^= 9.9215 

15^^93=1.20222  a'M3=9.1078 

Hence  15^^93 +0^M5+0^M3= 16^^.21,  the  augmentation, 

the  same  as  given  in  Table  XIII. 

Ex.  2.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  1,  Art.  214,  when  the  horizontal  semi-diameter  is 
16^  16^^0, 

Solution.— ^By  equation  (2),  page  200, 

16'  16^' = 976'^ = 2.98945  488^' = 2.688 

7r=26'  lO'M    sin.  =  7.88150  sin.  V= 5.763 

ft-J=36o  7'  IV'  cot  =  0.13683  0^^03=8.451 

10^^18  =  1.00778 
Hence  the  augmentation  =  10^^18 -0''.03= 10^^15. 

Ex.  3.  Calculate  the  augmentation  of  the  moon's  semi-diam* 
eter  in  Ex.  2,  Art.  214,  when  the  horizontal  semi-diameter  is 
16'  37'M.  Ans.  13''.6. 

When  the  moon's  hour  angle  is  known,  its  altitude  may  be 
taken  from  a  celestial  globe  with  sufficient  precision  to  furnish 
the  augmentation  of  its  semi-diameter  within  one  or  two  tentha 
of  a  second,  by  means  of  Table  XIIL 

Ex.  4.  Calculate  the  augmentation  of  the  moon's  semi-diam- 
eter in  Ex.  3,  Art.  214,  when  the  horizontal  semi-diameter  is 
16^  16'^0.  Ans.  8''.84, 


CHAPTER  IX. 

MISCELLANEOUS  PROBLEMa 
INTERPOLATION    BY  DIFFERENCES. 

(219.)  It  is  frequently  required,  from  a  series  of  equidistant 
terms  following  any  law  whatever,  to  deduce  some  intermedi- 
ate term.  Thus,  in  the  Nautioal  Almanac,  We  have  given  the 
moon's  right  ascension  for  every  hour  of  the  day,  and  from  these 
data  it  may  be  required  to  determine  its  right  ascension  for  some 
intermediate  instant.  This  is  effected  by  interpolation.  The 
quantities  upon  which  the  values  of  the  given  magnitudes  de- 
pend are  called  Arguments.  Time  is  generally  the  argument 
in  astronomical  tables. 

Let  a,y,  a,,  a,  a©  «'  ^^'  ^'^^ 

be  the  given  places  of  the  moon,  corresponding  to  the  times 

T-3A,  T-2A,  T-A,  T,  T+A,  T+2A,  T+3A, 
where  A  may  represent  any  interval  of  time  at  pleasure.  These 
places  may  be  right  ascensions  or  declinations,  longitudes  or 
latitudes,  or  magnitudes  of  any  other  kind.  Subtract  the  first 
term  of  the  series  from  the  second,  the  second  from  the  third, 
and  so  on,  giving  to  each  remainder  the  sign  which  results  from 
the  rules  of  algebra ;  and  let  the  first  order  of  differences  be  rep- 
resented by  b,„  b„  b^  etc.  Subtract  each  of  these  first  differ- 
ences from  the  one  next  below  it,  for  a  second  order  of  differ- 
ences, paying  attention  to  the  signs,  and  represent  these  differ- 
ences by  Cy^^  c„  c^  etc.,  and  proceed  in  the  same  manner  for  the 
third,  fourth,  etc.,  orders  of  differences,  as  represented  in  the  fol- 
lowing table : 
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.Time  or 
Argument. 

QnanUtlM. 

IMDUr. 

UDur. 

SdDUr. 

«bi>ur. 

sthDur. 

0uiDiir. 

T-3A 
T-2A 
T-  A 

b, 

e,„ 

/., 

T 

Oo 

h 

c. 

fi 

C// 

f 

S^// 

T+  A 

o' 

1/ 

Co 

do 

«/ 

/// 

g"// 

T+2A 

O" 

b" 

& 

d' 

Co 

T+3A 

a'" 

l/" 

c"  . 

T+4A 

a"" 

If  we  put  a^*^  to  represent  that  term  of  the  series  which  fol- 
lows Gq  at  the  interval  t^  then,  as  shown  in  Algebra,  Art.  297, 
we  shall  have 

a«=,.+,.*<.+'i£^.Co+fcM^..<,+,eto.  .  (A) 
Ex.  1.  Given  the  moon's  right  ascension  as  follows: 


DU.. 

Right  Aaeenalon. 

IM  Diflbrenee. 

8d  Difference 

18U. 

k. 

*.    m.         «. 

m. 

9. 

#. 

February  1, 

0 

8  34  36.65 

+2 

5.65 

1 

8  36  42.30 

+2 

5.44 

-0.21 

2 

8  38  47.74 

+2 

5.23 

-0.21 

8 

8  40  52.97 

+2 

5.00 

-023 

4 

8  42  57.97 

Required  the  moon's  right  ascension  at  February  1,  Oh.  15m. 
Here  Aq = 8h.  34m.  36.66s. ;  6©  =  +  2m.  6.66s. ;  Cq  =  -  0.218. ; 
and  t  =  16m.  =  .26  in  parts  of  an  hour.     Therefore 

a<»^=8h.  34m.  36.66s. + 125.65  x  .26+ ?|ix  .26  x  .75 

=  8h.  34m.  36.66s.+31.41s.+0.028. 
=  8h.  36m.    S.OSs. 
Table  XXIIL,  page  393,  gives  the  coefficients  of  each  order 
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of  differences  for  every  hundredth  part  of  the  unit  of  time  elaps- 
ing between  the  given  terms  of  the  series.  In  the  preceding 
example  the  second  differences  are  sensibly  constant.  In  the 
following  example  the  numbers  appear  more  irregular. 

Ex.  2.  Given  the  right  ascension  of  the  moon's  limb  for  the 
upper  and  lower  transit  at  Washington,  as  follows : 


Date.          1  Right  Asoens. 

IstDiff. 

2d  Biff. 

adDiff 

^thDiff. 

9. 

Mh  Diff. 

1855. 

k.    m,      s. 

m.       #. 

«. 

«. 

s. 

July  3,  L,  T. 

22  37  59.64 

+27  57.01 

U.T. 

23     5  56.55 

+27    4.06 

-62.95 

+  10  27 

4,  L.  T. 

23  33    0  61 

+26  21  38 

-42.68 

+  10  91 

+0.64 

-0.63 

U.T. 

23  59  21.99 

+25  49.61 

-31.77 

+  10  92 

+0.01 

-0.40 

5,  L.  T. 

0  25  11.60 

+25  28.76 

-20.85 

+  10.53 

-0.39 

-0.17 

U.T. 

0  50  40.36 

+25  1844 

-10.32 

+  9.97 

-0.66 

6,  L.  T. 

1  15  58.80 

+25  18.09 

-  0.35 

U.T. 

1  41  16  89 

to  find  the  moon's  right  ascension,  July  3,  at  its  transit  over  a 
place  one  hour  west  of  Washington. 


af*J=22h.37m.59.64s.+ 


1677.01s. .  52.95s. x  11    10.278. x  11  x23 


12  2x12x12      6x12x12x12 

0.64s.  X  11x23x35        0.63s.  x  11  x  23  x  35  x  47 


24x12x12x12x12    120x12x12x12x12x12' 
or 
fl^»>=22h.  37m.  59.54s. + 139.75s. +2.06 +0.25 -0.01 -0.01 
=22h.  40m.  21.58s. 

(220.)  It  will  generally  be  found  more  convenient  in  practice 
to  take  the  coefficients  for  the  several  orders  of  differences  direct- 
ly from  Table  XXIII.  It  will  be  observed  that  the  coefficients 
of  the  second  and  fourth  differences  are  negative,  while  those  of . 
the  odd  differences  are  positive.  Hence  the  corrections  for  the 
odd  differences  will  have  the  same  sign  as  those  differences ;  but 
the  corrections  for  the  even  differences  will  have  a  sign  contrary 
to  those  differences.  Hence,  in  the  above  example,  the  correc- 
tions  for  the  first,  second,  and  third  differences  are  positive,  while 
the  other  two  corrections  are  negative. 

(221.)  Formula  (A)  proceeds  firom  values  which  belong  to  a 
less  argument,  to  those  which  belong  to  a  greater  argument; 
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.but  we  are  at  tiberty  to  proceed  in  the  reverse  order.  Conceive 
the  times  and  quantities  given  on  page  203  to  be  written  in  an 
inverted  order,  so  that  the  table  shall  begin  with  the  last  valne, 
a''^\  and  end  with  the  first,  a,„.  The  first  differences  would 
then  be  a'''-a''''=^  -b''' ;  a'^-^-a'"'^  -6^^  etc.  That  is,  the 
first  differences  would  be  the  same  as  given  in  the  preceding  ta- 
ble, but  with  contrary  signs.  The  second  differences  would  be 
^b''--{--b''')  =  l/''-b''=  +(/';  that  is,  the  second  differences 
would  retain  the  same  signs  as  before.  The  third  differences, 
c''-c'^=—d'j  etc.,  change  their  signs,  while  the  fourth  differen- 
ces remain  unchanged,  and  so  on ;  that  is,  the  differences  of  an 
odd  order  have  their  signs  reversed. 

Suppose  now  that  Ms  a  proper  fraction,  representing  the  dis- 
tance of  the  term  a^*^  from  Gq  ;  then  the  first,  second,  third, 
fourth,  etc.,  differences  corresponding  will  be  —  io  /  +  ^/  /  —  ^//* 
+e^„y  etc.;  and  consequently, 

^^»--(l-Ot„.H"-"<l-'-l)c, 

+fciU^]&t2.,„+,.to.  .■ (B) 

(222.)  Equations  (A)  and  (B)  are  each  of  them  only  approxi- 
mate ;  but  when  the  error  of  one  is  positive,  the  error  of  the 
other  will  generally  be  negative,  so  that  we  shall  obtain  a  more 
accurate  expression  if  we  take  the  half  sum  of  both  (A)  and  (6)> 
and  we  shall  have 

But  a'— 6o=ao; 

and  consequently, 

ao+a'    bo_„ 

—2 2-'^°' 

Also,  do^d,+e^;  flf^/=rf/— e,^j  etc. 


or 
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Substitatixig  these  values  in  the  preceding  equation,  we  ob* 
tain 

,.=.„.„..,^.'g=i)(;o^).,'('-i)(^'-»,. 

Since  t  is  supposed  to  be  included  between  0  and  1,  it  is  plain 
that  the  coefficients  of  the  third,  fourth,  etc.,  differences  in  form- 
ula (C)  are  smaller  than  in  formulas  (A)  and  (B) ;  that  is,  this 
series  converges  most  rapidly. 

It  will  readily  be  perceived  that  in  formula  (A)  the  first,  sec- 
ond, third,  etc.,  differences  in  the  table  on  page  203  lie  in  a  di- 
agonal, which  starts  from  between  Gq  and  a^  and  inclines  down- 
ward. In  formula  (B),  on  the  contrary,  they  lie  in  a  diagonal 
which  inclines  upward ;  while  in  formula  (G)  the  odd  differences 
are  intersected  by  a  horizontal  line,  which  starts  from  between 
Oq  and  a^ ;  but  for  the  even  differences  we  employ  the  half  sum 
of  that  which  lies  above  and  that  which  is  below  the  horizontal 
line. 

(223.)  If  we  represent  the  coefficieints  of  the  several  orders  of 
differences  by  B,  C,  D,  etc.,  formula  (C)  may  be  written  ^ 

a<»>=ao+B*+Cc+Di+Ee+F/,eto.  .  .  .  (D) 
where  we  put  b=bo 

B=t 

2 
273 

2.3.4 

(^+1)^(^-1)  (^-2)  (^-i) 
2.3.4.5  ' 

This  formula  is  the  one  recommended  by  Professor  BesseL 
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Tatle  XXin.,  page  392,  gives  the  values  of  the  preceding  coef- 
ficients for  every  hundredth  part  of  the  unit  of  time.  It  will  be 
observed  that  the  coefficient  of  the  second  differences  is  invaria- 
bly negative ;  but  for  values  of  t  less  than  .50,  the  coefficients  of 
the  third  and  fourth  differences  are  positive,  and  the  fifth  nega- 
tive ;  while  for  values  of  t  greater  than  .50,  the  coefficients  of  the 
third  differences  are  negative,  but  the  fourth  and  fifth  are  positive. 

Example.  Required  the  moon's  right  ascension  for  July  10, 
1855,  at  8h.  mean  time. 

Take  from  the  Almanac  three  places  of  the  moon  preceding 
and  three  places  following  the  proposed  time,  and  find  their  dif- 
ferences as  in  the  following  table : 


Date.                  R  A. 

1st  DlflT. 

SdDilT. 

3d  DlflT. 

4th  DiflT. 

5th  DiflT. 

h. 

k    m.      s. 

m.        «. 

«. 

*. 

s. 

$. 

July  9,    0 

3  20  66.61 

+26     5.41 

12 

8  47    2.02 

+26  32.98 

+27.57 

-1.89 

"  10,    0 

4  13  35.00 

+26  68.66 

+25.68 

-4.08 

-2.19 

-0.06 

12 

4  40  33.66 

+27  20.26 

+21.60 

-6.33 

-2.25 

«  11,    0 

6    7  63.92 

+27  35.53 

+  15.27 

12 

5  35  29.45 

For  July  10,  at  Oh.,  which  is  the  date  next  preceding  the  one 
proposed,  we  find 

ao=4h.  13m.  35.00s.;  6= 26m.  58.66s. 
Co=21.60s.;  c,=25.68s.;  vc=i(Co+0=23.64s. 
rf= -4.08s.  ;/= -0.06s. 

e,= -2.25s.;  e,,= -2.19s.;  ve=i(e,+-ej= -2.22s. 
The  difference  between  the  proposed  time  and  July  10  at  Oh. 
is  8h.,  which  is  two  thirds  of  tiie  interval  between  the  dates  in 
the  table.     Therefore  we  have 

Bb=     |(26m.  58.66s.)    =    +  17m.  59.107s. 
Cc=-i(23.64s.)  =  -2.627s. 

Drf= -. 00617 X- 4.08s.  =  +-  .025s. 

Ee= +.02057 x-2.22s.=  -  .046s. 

F/=  +  .00069  X  -0.06s.  = .000s. 

B6+Cc+-Dd+Ee+F/=    +- 17m.  56.46s. 
ao=4h.  13m.  35.00s. 


Moon's  R.  A.  at  8h.=4h.  31m.  31.46s. 


208  Practioal  Astronomy. 

(224.)  Most  of  liie  nombers  in  the  Nautical  Almanac  are  com- 
puted for  intervals  of  either  12  or  24  hours.  The  right  ascen- 
sion of  the  moon's  bright  limb  is  given  for  both  the  upper  and 
lower  culminations,  that  is,  for  intervals  of  12' hours  of  longi- 
tude. If  we  wish  to  interpolate  for  any  other  meridian,  we  must 
consider  12  hours  as  the  un^t  of  time,  and  it  is  desirable  to  have 
the  coefficients  computed  for  convenient  fractions  of  12  hours. 
When  the  computation  is  performed  by  logarithms,  it  is  con- 
venient to  have  the  logarithmic  coefficients  arranged  in  a  table. 
This  has  accordingly  been  done  in  Table  XXIY.,  which  furnish- 
es the  logarithms  of  Bessel's  coefficients  for  every  five  minutes 
throughout  12  hours.  If  the  numbers  between  which  we  wish 
to  interpolate  are  given  for  intervals  of  24  hours,  as  the  sun's 
places  in  the  Nautical  Almanac,  we  may  avail  ourselves  of  the 
same  table  of  coefficients  by  simply  doubling  each  of  the  num- 
bers in  column  first.  Thus,  when  the  interval  is  12  hours,  the 
coefficients  for  an  argument  of  one  hour  will  be  the  same  as  for 
an  argument  of  two  hours  when  the  interval  is  24  hours. 

The  preceding  example  is  most  conveniently  solved  by  the  use 
of  these  coefficients.  Taking  the  logarithms  of  the  coefficients 
B,  C,  D,  E,  and  F  from  the  table,  and  the  logarithms  of  6,  c,  dj 
ey  and/ as  given  on  the  preceding  page,  we  have 

log.  B=9.8239087;  log.  C=9.04576w;  log.  D=7.79048«; 
log.  6=3.2091556     log.  c= 1.37365       log.  rf= 061066^ 
3.0330643  0.41941»  8.40114 

Nat.  num. + 1079.107s.  -2.627s.  +0.025s. 

log.  E =8.31336;  log.  F= 6.83624 
log.  e=0.346357t  log. /=  8.77815?^ 
8.65971»  6.61439» 

Nat.  num.  -  0.046s.  .000 

Adding  to  log.  B,  log.  C,  etc.,  the  factors  log.  6,  log.  c,  etc., 
we  obtain  for  the  several  corrections 

Bb    =+ 17m.  59.107s. 
Cc    =  -2.6278. 

Dd   =  +  0.025s. 

Ee    =  -0.0468. 

F/    =  O.OOOs. 

Sum  =+ 17m.  56.46s. 
the  same  as  found  on  page  207. 
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If  we  neglect  the  third  and  following  differences,  that  is,  if  we 
suppose  the  second  differences  constant,  formula  C  becomes 

We  accordingly  take  from  the  Nautical  Almanac  four  consec- 
utive  arcs,  such  that  the  arc  sought  may  fall  between  the  two 
middle  ones,  and  for  the  second  difference  we  employ  the  mean 
of  the  two  second  differences  thus  obtained. 

In  the  example  on  page  207,  if  we  regard  only  first  and  sec- 
ond differences,  we  shall  obtain  the  moon's  right  ascension, 

4h.  31m.  31.48s. 
instead  of  4h.  31m.  31.46s. 

The  error  arising  from  neglecting  the  third  and  following  dif- 
ferences amounts,  therefore,  only  to  0.02s. 

Problem. 

(225.)  To  find  the  time  of  conjunction  or  opposition  of  the 
moon  with  the  sun. 

The  right  ascension  of  the  moon  is  given  in  the  Nautical  Al- 
manac for  every  hour  of  the  day,  and  the  right  ascension  of  the 
sun  is  given  for  noon  of  each  day.  An  inspection  of  these  col- 
umns will  readily  show  between  what  hours  conjunction  or  op- 
position takes  place.  Take  out  four  successive  right  ascensions 
of  the  moon,  such  that  the  phase  sought  shall  fall  between  the 
second  and  third  of  the  hours,  and  find  by  interpolation  the  cor- 
responding right  ascension  of  the  sun.  For  each  hour  subtract 
the  right  ascension  of  the  sun  fi-om  that  of  the  moon ;  the  dit 
ferences  will  represent  the  distances  of  the  moon  from  the  sun. 
Then,  if  only  an  approximate  result  is  desired,  we  may  determ- 
ine by  a  simple  proportion  when  the  difference  of  right  ascension 
amounts  to  zero,  or  twelve  hours.  But  if  a  more  accurate  result' 
is  desired,  we  must  take  account  of  the  second  differences. 

Example. 

Required  the  Washington  mean  time  of  opposition  in  right 
ascension  of  the  sun  and  moon,  October  24,  1855. 

We  readily  discover  by  an  inspection  of  the  ophemeris  that 
opposition  takes  place  between  19h.  and  20h.,  Greenwich  time. 
We  then  take  from  the  Nautical  Almanac  the  right  ascension  of 
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the  sun  and  moon  for  four  successive  hours,  and  find  their  diflbr* 
ences,  neglecting  the  12  hours,  as  follows : 


Date. 

Son's  R.  A. 

Moon'*  R.  A. 

Moon— Snn.    1      IMDUT.      ,    SdDlff. 

k. 

k.      m.          t. 

*.      m.         : 

in.        ». 

m.       •. 

S. 

18 

13  56  30.45 

1  53  48.67 

-2  41.78 

+2  3.78 

19 

13  56  40.01 

1  56    2.01 

-     38.00 

+2  3.94 

+0.16 

20 

13  56  49.57 

1  58  15.51 

+  1  25.94 

+2  4.09 

+0.16 

21 

13  56  59.13 

2    0  29.16 

+3  30.03 

If  we  neglect  the  second  differences,  the  time  of  opposition 
may  be  found  by  the  proportion 

2m.  3.94s. :  3600s. ::  38.00s. :  18m.  23.8s. ; 
that  is,  opposition  takes  place  at  19h.  18m.  23.88.,  and  this  re- 
sult is  within  half  a  second  of  the  truth.     If  greater  accuracy  is 
required,  we  must  take  account  of  the  second  differences,  which 
may  be  done  as  follows : 

In  the  formula  of  interpolation,  page  206, 

a^'^=ao+t.b+^^^'^^^c+j  etc., 

t  must  be  regarded  as  the  unknown  quantity,  all  ihe  others  being 
known. 

Developing  this  formula,  we  have 


2  '   2 


or 


'""-'•«=<*-M) 


Now  the  approximate  value  of  t  is 
this  value  above,  we  obtain 


a<^>-ao 


Substituting 


a^'^-ar 


(t) 


2^2        b 
which  is  a  more  accurate  value  of  L    In  the  present  case  a^'^  be- 
comes zero,  because  we  wish  to  determine  when  the  difference 
of  right  ascension  between  the  sun  and  moon  is  zero  (neglecting 
the  12  hours) ;  hence  we  have 

t= -^° 

._C_£    Oo' 

2    2'  b 
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"V^here  we  must  be  ^carefol  to  preserve  the  proper  sign  of  each 
term. 

Substituting  the  values  of  these  letters,  we  have 

38.00  _  38.00 

123.94-..08+.03    123.89' 
where  t  is  expressed  in  parts  of  an  hour. 

Multiplying  by  3600  to  reduce  the  result  to  seconds,  we  ob- 
tain 1104.2s.,  or  18m.  24.2s. ;  whence  the  corrected  time  of  op- 
position is 

19h.  18m.  24.2s.  Grreenwich  mean  time, 
or  141l  10m.  13.0s.  Washington  mean  time. 

Problem. 

(226.)  To  find  the  hourly  motion  of  the  moon  in  right  as- 
cension^  etc. 

The  moon's  hourly  motion  may  be  found  very  nearly  by  tak- 
ing the  difference  between  two  successive  numbers  in  the  Nau- 
tical Almanac,  the  one  before  and  the  other  after  the  time  for 
which  the  hourly  motion  is  wanted.  If  the  proposed  instant 
does  not  fall  midway  between  the  two  dates  in  the  Almanac,  we 
must  apply  a  correction  by  taking  a  proportional  part  of  the  sec- 
ond difference. 

Example  1. 

Required  the  moon's  hourly  motion  in  right  ascension,  Octo- 
ber 24,  1855,  at  19h.  18m.  24.2s.,  Greenwich  mean  time. 
We  take  from  the  Nautical  Almanac  the  following  numbers : 


Dal.. 

Moon's  R.  A. 

IM  Diff. 

adDur. 

* 

k.    m.         t 

tn.        t. 

«. 

18 

1  63  48,67 

+2  13.34 

19 

1  56    2.01 

+2  13.60 

+0.16 

20 

I  58  15.51 

The  changes  of  the  moon's  right  ascension  from  18h.  to  19h. 
is  2m.  13.348.,  which  may  be  regarded  as  the  hourly  motion  for 
18h.  30m.  In  the  same  manner,  the  hourly  motion  for  19h.  30m. 
is  2m.  13.50s.  In  order  to  obtain  the  hourly  motion  for  19h. 
18m.  24.2s.,  we  state  the  proportion 

60m. :  0.16s. ::  48m.  24.2s. :  0.13s., 
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which,  being  added  to  2rn.  13.34s.,  gives  the  hourly  motion  for 
19h.  18m.  24.2s.,  equal  to  2m.  13.47s.  in  time,  or  33'  22^^05 
in  arc. 

In  calculating  eclipses,  it  is  necessary  to  know  the  hourly  mo- 
tion of  the  moon  from  the  sun.  This  is  obtained  by  finding  the 
sun's  hourly  motion  in  the  manner  already  explained,  and  sub- 
tracting it  from  the  moon's  hourly  motion.  Thus,  if  the  sun's 
hourly  motion,  October  24,  was  9.56s.,  then  the  hourly  motion 
of  the  moon  from  the  sun  was  2m.  13.47s. —9.568.= 2m.  3.91s, 
in  time,  or  30'  58'''.65  in  arc. 

(227.)  The  preceding  method  is  slightly  inaccurate  in  princi- 
ple, and  when  the  interval  between  the  moon's  places  amounts 
to  12  hours,  the  error  can  not  be  neglected.  An  accurate  form- 
ula for  the  hourly  motion  may  be  obtained  by  differentiating 
equation  D,  page  206.     We  thus  find 

-dT-^^^r'^  273  ''^  2.3.4  '^^'  ^*°- 
If  the  moon's  places  are  given  for  intervals  of  12  hours,  and 
we  assume  successively  ^=0,  =^,  ^-ft-j  etc.,  we  shall  obtain 
the  hourly  motion  corresponding  to  each  hour  of  the  interval  for 
which  by  c,  rf,  etc.,  are  computed.  If  we  wish  the  hourly  motion 
for  the  instant  midway  between  two  values  of  b,  we  must  make 
t  =  i;  in  which  case  the  above  coefficient  of  c  becomes  0, 

d    "  -^, 

«  e      "        0, 

and  we  have  the  houily  motion  equal  to 


X'-p) 


where  b  and  d  represent  the  first  and  third  differences  corre- 
sponding to  the  instant  for  which  the  hourly  motion  is  required. 
Ex,  2.  Required  the  variation  of  the  moon's  right  ascension 
in  one  hour  of  longitude  for  the  instant  of  the  G-reenwich  tran- 
sit, January  5,  1854,  from  the  following  data ; 
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Date. 

M0(Mi>.K.A. 

IMDUr. 

MDiff. 

sdDur. 

k.      m.         «. 

m.          «. 

«. 

«. 

January  4,  U.  T. 

23  55  36.86 

24  21.19 

L.  T. 

0  19  58.05 

23  49.13 

-32.06 

+9.68 

"       5,U.T. 

0  43  47.18 

23  26.75 

-22.38 

+9.23 

L.  T. 

1     7  13.93 

23  13.60 

-13.15 

«       6,U.T. 

1  30  27.53 

The  differenoe,  23m.  49.13s.,  corresponds  to  the  instant  mid- 
way between  the  lower  transit,  January  4th,  and  the  upper  tran- 
sit, January  dth.  By  interpolation  in  the  usual  manner,  we 
find  the  first  difference  corresponding  to  the  upper  transit,  Jan- 
uary 5th,  to  be 

6=23m.  36.768., 
and  the  third  difference  for  the  same  instant  is 

rf=  + 9.458. 
Subtracting  -^th  of  d  from  6,  we  have 
23m.  36.37s., 
which,  divided  by  12,  gives 

118.03s., 
which  is  the  motion  in  right  ascension  for  one  hour  of  longitude, 
corresponding  to  the  instant  of  G-reenwich  transit,  January  5th. 

Problem. 

(228.)  Two  hour  circles^  PA,  PB,  make  with  each 
small  angle  at  P,  and  from  any  pointy  A,  in  one  of 
arc,  AC,  of  a  great  circle  is  let  fall  perpendicularly 
other  ;  it  is  required  to  find  the  difference  of  decli- 
nation of  the  points  A  and  C. 

Let  P  be  the  pole  of  the  earth,  AB  a  parallel  of  dec- 
lination, and  AG  an  arc  of  a  great  circle  perpendicu- 
lar to  PB. 

Then,  in  the  triangle  APC, 

E.  COS.  APC = tang.  PC  cot.  PA, 
cot.  PA 


or 


cot.  PC: 


"cos.  APC 


If  we  put  (5= the  declination  of  the  point  A,  d^=the  jj 
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declination  oi^  the  point  G^and  a  the  difference  of  right  ascension 
of  A  and  C,  we  shall  have 

^■'-'^ <» 

from  which  the  declination  of  the  point  C  may  he  computed ; 
but  the  computation  requires  a  table  of  tangents  extending  to 
single  seconds,  and  seven  places  of  decimals.     We  may  obtain 
a  more  convenient  formula  as  follows : 
By  Trig.,  Art.  77, 

,         /       1.x      tang,  a— tang,  b 

tang.  (a'-o)=- — ^ — ^ — r. 

*  ^        '    1+tang.  a  tang,  b 

^^^tang.  6 
Hence  tang.  {d'—6) 


^  ^  tang.M 
COS.  a 
_tang.  d(l  — COS.  a) 
~   COS.  a+tang.^  6 
Since  a  is  supposed  to  be  a  small  arc,  we  will  put  cos.  a  in  the 
denominator  equal  to  unity,  and  it  becomes 

tang.  (d'-<J)=^??fr^ilz£2!lf!)=tang.  6  cos.*  d(l-co8.  a) 

°  ^  sec.2  6  -D  X  / 

But     tang.  6  cos.^  <J=sin.  6  cos.  6= — ^ — ,  by  Trig.,  Art.  73. 

And  by  Trig.,  Art.  74, 

1  — COS.  a=2  sin.^  Ja. 
Hence  tang,  (d^— (J)=sin.  26  sin.^  Ja. 

If  we  suppose  a  to  be  expressed  in  minutes,  and  6'—6ia  sec- 
onds, we  may  put 

tang.  (6''-6)={d'-6)  sin.  V'j 

and  sin.  ^=5  sin.  V  =  a(30  sin.  1^''). 

Hence,  by  substitution,  we  obtain 

(I^-(J=a2(900  8in.  r^sin.  2d) (2) 

Example.  Suppose  (5=29^,  and  a=90^ ;  it  is  required  to  find 
the  value  of  d^— d. 

Solution.— By  formula  (1),      tang.  29^ = 9.7437520 

COS.  90^=9.9998512 
tang.  29°  0^  30^^0=9.7439008 
Therefore  d"  -  d = 30"^0. 
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By  formula  (2),  900=2.9542 

sin.  1^^=4.6856 
sin.  580=9.9284 
90^=3.9085 
d^-(J=30^^0=1.4767 
In  this  maimer  was  oompnted  Table  XYIII.     It  will  be  ob- 
served that  the  declination  of  the  point  C  is  always  greater  than 
that  of  A,  whether  it  be  north  or  south  of  the  equator.     This 
correotion  is  applied  to  the  moon's  declination  in  computing 
eclipses  and  oocultations. 

catalogues  of  the  fixed  stars. 

(229.)  The  first  individual  who  constructed  a  catalogue  of  the 
stars  was  Hipparchus,  who  flourished  between  160  and  135 
years  B.C.  This  catalogue  contains  the  longitude  and  latitude 
of  1028  stars,  and  is  preserved  in  Ptolemy's  Almagest. 

The  next  catalogue  of  stars  is  that  of  the  Tartar  prince  Ulugh 
Beigh.  This  catalogue  contains  the  places  of  1019  stars,  de« 
rived  from  observations  made  at  Samarcand.  The  epoch  is  the 
year  1437  A.D. 

The  next  catalogue  is  that  of  Tyoho  Brahe,  containing  the 
places  of  777  stars,  for  the  year  1600.  Kepler  subsequently  en- 
larged this  catalogue,  from  Tycho  Brahe's  observations,  to  1005 
stars,  and  published  it  in  the  year  1627. 

Halley's  catalogue  of  southern  stars  contains  the  places  of  341 
stars,  derived  from  observations  made  at  St  Helena.  The  epoch 
is  1677.  This  was  the  first  catalogue  constructed  from  obser- 
vations made  by  the  use  of  telescopic  sights. 

The  catalogue  of  Hevelius  contained  1564  stars,  and  was  pub- 
£shed  in  1690.     The  epoch  is  1660. 

Flamsteed's  British  Catalogue  was  published  in  1725.  It 
contains  the  places  of  2935  stars,  reduced  to  the  year  1689. 

The  observations  made  by  Bradley  between  the  years  1750 
and  1762  were  published  by  Bessel  in  1818.  The  number  of 
stars  in  this  catalogue  is  3112.     The  epoch  is  1750. 

Lacaille's  catedogue  of  stars  in  the  southern  hemisphere,  ob- 
served at  the  Cape  of  Gtood  Hope,  contains  9766  stars,  reduced 
to  the  year  1750.  This  catalogue  was  printed  in  1845  at  the 
expense  of  the  British  government. 
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Mayer  is  the  author  of  a  oatalogae  of  998  zodiaoal  stars,  pub- 
lished in  1775. 

(230.)  Toward  the  close  of  the  last  century  M.  L.  Lalande, 
at  Paris,  undertook  to  determine  the  positions  of  all  the  stars  in 
the  northern  hemisphere  down  to  the  ninth  magnitude.  These 
observations  have  recently  been  reduced  at  the  expense  of  the 
British  Association,  and  were  published  in  1847.  This  catalogue 
contains  the  places  of  47,390  stars,  reduced  to  the  year  1800. 

In  1814  Piazzi  published  a  catalogue  of  7646  stars,  from  ob- 
servations made  at  Palermo  from  1792  to  1813.  This  was  the 
most  important  catalogue  of  stars  hitherto  published.  Every 
star  was  observed  several  times,  and  a  mean  of  all  the  results 
taken  as  the  final  place  of  the  star. 

In  1806  De  Zach  published  a  catalogue  of  1830  zodiacal  stars, 
from  observations  made  by  him  at  Seeberg,  in  Saxe  Grotha. 

In  1838  was  published  Groombridge's  catalogue  of  4243  cir- 
cumpolar  stars,  reduced  to  the  year  1810.  It  contains  the  places 
of  all  the  stars  down  to  the  eighth  magnitude,  situated  within 
50°  of  the  north  pole,  derived  from  observations  made  between 
the  years  1806  and  1816. 

Brisbane's  catalogue,  edited  by  W.  Richardson,  contains  the 
places  of  7885  stars,  chiefly  in  the  southern  hemisphere,  ob- 
served at  Paramatta,  in  New  South  Wales. 

Taylor's  catalogue  contains  11,015  stars,  observed  at  Madras, 
India,  and  reduced  to  1835. 

Bessel's  catalogues  contain  31,085  stars  between  —15®  and 
+  15°  dec,  and  31,445  stars  between  +15°  and  +45°  dec. 
All  observed  at  Konigsberg,  and  reduced  to  1825  by  Weisse. 

Argelander's  catalogues  contain  110,984  stars  between  —2° 
and  +20°  dec;  105.075  stars  between  +20°  and  +41°  dec; 
and  108,129  stars  between  +41°  and  +90°  dec  All  of  these 
stars  were  observed  at  Bonn,  and  are  reduced  to  1855. 

Bumker's  catalogues  contain  the  places  of  15,104  stars,  ob- 
served at  Hamburg,  Germany. 

Cooper's  catalogue  contains  the  places  of  60,066  stars,  ob- 
served at  Markree,  Ireland,  in  the  years  1848  to  1856. 

Lament's  catalogues  contain  3571  stars  between  +15°  and 
+9°  dec ;  6323  stars  between  +9°  and  +3°  dec;  9412  stars 
between  +3°  and  —3°  dec;   4793  stars  between  —8°  and 
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— 9**  dec.;  4098  stars  between  — 9*^  and  —  IS""  dec.;  and 
6563  stars  north  of  +15**  or  south  of  —  IS"".  All  of  these 
stars  were  observed  at  Munich,  Bavaria,  and  are  reduced  to 
1850. 

The  Kadcliife  catalogues  contain  the  places  of  8708  stars, 
chiefly  cironmpolar,  observed  at  Oxford,  England. 

Schjellerup's  catalogue  contains  10,000  stars  between  —15^ 
and  +15^  dec.,  observed  at  Copenhagen. 

Airy's  catalogues  contain  the  places  of  about  10,000  stars,  ob- 
served at  Q-reenwich,  England. 

The  Washington  catalogue,  by  Prof.  Yarnall,  contains  the 
places  of  10,658  stars,  reduced  to  1860,  derived  from  observa- 
tions made  at  the  United  States  Naval  Observatory,  from  1845 
to  1871. 

Bond's  catalogues  contain  the  places  of  5500  stars  between 
the  equator  and  +0**  20'  dec.;  4484  stars  between  +0*"  20" 
and  +0^  40'  dec. ;  and  6100  stars  between  +0°  40'  and  +1** 
0'  dec.    All  observed  at  Cambridge,  Mass. 

Mr.E.  J.  Stone  has  constructed  a  catalogue  of  all  stars  down 
to  the  seventh  magnitude  between  N.  P.  D.  120*'  and  N.  P.  D.  1 80'', 
and  all  Lacaille's  stars  beyond  these  limits.  The  catalogue 
contains  12,400  stars,  almost  all  of  which  have  been  observed 
three  times.  The  printing  of  this  catalogue  is  now  (1881)  in 
progress. 

The  catalogue  published  by  the  British  Association  in  1845 
contains  the  places  of  8377  stars,  reduced  to  1850,  derived  from 
the  best  authorities,  and  furnishes  the  constants  for  deducing 
the  apparent  from  the  mean  places  with  the  greatest  facility. 
This  is  the  most  valuable  catalc^ue  for  general  use  which  has 
yet  been  published. 

In  1852,  Professor  Strove,  of  St.  Petorsburgh,  published  a  cat- 
alogue giving  the  places  of  2874  stars  for  the  year  1830,  being 
chiefly  double  stars  observed  at  Dorpat  from  1832  to  1843. 

The  catalogue  appended  to  this  volume  contains  the  mean 
places  of  all  stars  as  large  as  the  fifth  magnitude,  reduced  to 
the  year  1850.  The  mean  places  of  such  as  were  found  in 
Airy's  twelve-year  catalogue  were  taken  from  that  catalogue ; 
the  others  were  taken  from  the  catalogue  of  the  British  Asso- 
ciation, which  also  furnished  the  constants  for  reduction. 
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Determination  of  the  apparent  places  of  the  fixed  stars. 
(232.)  The  positions  of  the  stars  given  in  the  catalogues  are 
called  their  mean  places ;  and  as  these  places  vary  from  year 
to  year  in  consequence  of  precession,  the  epoch  for  which  the 
places  are  given  should  always  be  stated.  In  the  accompany- 
ing catalogue,  the  mean  plaoes  of  the  stars  are  given  for  Janu- 
ary 1,  1850.  In  our  observations,  however,  we  do  not  find  the 
stars  in  the  positions  here  given ;  but  their  places  are  altered  by 
the  amount  of  their  precession  since  January  1, 1850,  and  are 
also  affected  by  aberration  and  nutation.  The  mean  plaoes 
must  therefore  be  reduced  to  the  apparent  before  they  can  be 
compared  with  observation. 

The  algebraic  expressions  for  these  corrections  have  been  re- 
duced by  Bessel  to  the  following  form : 

Correction  in  R.  A.=Aa+B*+Cc+Drf; 
Correction  in  N.  P.  D.=Aa"+B6'+Cc^+Drf%- 
where  A= -18^^732  COS.  O, 
B  = -20^^420  sin.  O, 

C=^- 0.025  sin.  20  -0.343  sin.  ft  +0.004  sin.  2ft, 
D=  -0^^545  COS.  2o  -9^^560  cos.  ft  +0^^090  cos.  2ft, 
a=+cos.  a  sec.  d, 
6=+sin.  a  sec.  <J, 

c=  +3.0706S.+1.33708,  sin.  a  tang,  d, 
flf=  +COS.  a  tang,  d, 
a'=sr— tang,  o)  cos.  d+sin.  a  sin.  d, 
6^=— COS.  a  sin.  d, 
ir^=r -20^^055  COS.  a, 
flf'=:+sin.  a. 
Also, 

^=the  time  from  the  beginning  of  the  year,  expressed 
in  fractional  parts  of  a  year. 
O  =the  sun's  true  longitude, 

ft  ;:rthe  mean  longitude  of  the  moon's  ascending  node, 
a=the  mean  right  ascension  of  the  star, 
dsrthe  mean  declination  of  the  star, 
6)=:the  oUiquity  of  the  ecliptic. 
The  &otors  A,  B,  C,  D  are  independent  of  the  star's  places, 
and  are  the  same  for  all  the  stars,  but  vary  with  the  time. 
They  are  given  for  every  day  of  the  year  in  the  English  Nau- 


Catalo.oueb  of  Fixed  Stars.      219 

tical  Almanac,  on  pages  295-802,  and  in  the  American  Nauti- 
cal Aimanac,  on  pages  281-4.  The  coefficients  which  are  de- 
noted by  A,  B,  C,  emd  D  in  the  English  Almanac  are  denoted 
by  C,  D,  A,  and  B  in  the  American  Almanac,  so  that  for  the 
American  Almanac  we  shall  have 

Correction  in  B.  A.  =  Ca-hD6+Ac+Brf; 
Correction  in  N.  P.  D.  =  Ca'+D6'+Ac'+Bd'. 
The  factors  a,  &,  c,  d,  a\  b\  c\  d\  depend  only  on  the  places  of 
the  stars,  and  are  sensibly  constant  for  a  long  period  of  years. 
They  are  accordingly  calculated,  and  their  logarithms  are  en- 
tered opposite  each  star  in  the  accompanying  catalogue. 

(233.)  In  order  to  obtain  the  correction  to  the  mean  place  of 
a  star,  we  have  only  to  take  from  the  catalogue,  and  opposite 
to  the  given  star,  the  logarithms  of  a,  6,  c,  d,  and  a',  b%  c^,  d\ 
with  their  proper  signs  ;  and  to  write  down  under  them  respect- 
ively, from  the  Nautical  Almanac,  opposite  the  given  day,  the 
logarithms  of  A,  B,  C,  D,  with  their  proper  signs,  remembering 
that  the  signs  prefixed  to  the  logarithms  affect  only  the  natural 
numbers.  We  then  add  each  pair  together,  and  find  the  nat- 
ural number  correspon  ling  to  the  sum.  The  sum  of  the  four 
natural  numbers  thus  obtained  (regard  being  had  to  their  signs) 
will  be  the  total  correction  required  in  right  ascension  and  polar 
distance  on  the  given  day.  This  correction,  applied  to  the  mean 
place  of  the  star  at  the  beginning  of  the  year,  will  give  the  ap- 
parent place  of  the  star  on  the  day  required. 

The  mean  right  ascension  and  polar  distance  for  the  epoch  of 
the  catalogue  is  reduced  to  that  of  the  current  year,  by  adding 
as  many  times  the  annual  precession  in  right  ascension  and 
polar  distance  as  the  number  of  whole  years  elapsed  since  the 
given  epoch. 

Example,  Required  the  apparent  right  ascension  and  north 
polar  distance  of  7  Orionis,  on  December  5, 1882,  for  midnight, 
at  GrreenwioL 
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Mean  R.  A.,  Janu- 
ary 1,  1850  ...  5  17    5.31 

82  years'  precession 
and  proper  motion        1  43.04 

Mean  B.  A.,  Janu- 
ary 1,  1882   .  .  .  5  18  48.35 


a 

A 

Aa 

Logkrithiiui. 

+  8.0968 
+  0.7184 
+8.8147 

NM.M<M. 

+0.065 

a' 

A 

Aa' 

I^ogsrithmii. 

-9.6120 
+0.7184 
-0.2804 

h 
B 

+  8.8188 
+1.2930 
+0.1118 

+  1.294 

V 
B 

-'8:3089 
+  1.2930 
-9.5969 

c 

C 

Ge 

+  05070 
+0.0718 
+  0.5788 

+3.791 

c 

C 

-0.5721 
+0.0718 
-0.6439 

d 

D 

■Dd 

+7.1304 
+0.8105 
+7.9409 

+0.009 

d' 
D 
Dd' 

+  979923 
+0.8105 
+0.8028 

Mean  P.  D.,  Janu- 
ary 1,  1850   ...  83  47  27.7 

32  years'  precession 
and  proper  motion      —1  59.0 

Mean  P.  D.,  Janu- 
ary 1, 1882    .  .  .  83  45  28.7 

Nat  Not. 


-1.70 


-0.40 


-4.40 


+6.35 
Correction  of  R.  A.  =  +  5.159       Correction  of  P.  D.  =  - 0.15 

Hence  the  apparent  right  ascension  of  y  Orionis, 

=5h.  18m.  48.85s. +5.1 6s. =5h.  18ra.  53.518.; 
and  the  apparent  north  polar  distance, 

=83°  45'  28".7~-0".l  =  83°  45'  28".6. 
The  mean  right  ascension  on  the  1st  of  January  of  the  year 
of  observation  may  be  found  by  applying  to  the  apparent  ob- 
served right  ascension  the  above  correction  with  the  contrary 
sign. 

DIURNAL    ABERRATION    OP    LIGHT. 

'  (234.)  The  diurnal  aberration  of  light  is  a  phenomenon  result- 
ing from  the  movement  of  light,  combined  with  the  rotation  of 
the  earth  on  its  axis ;  and  it  differs  from  the  annual  aberration 
merely  in  consequence  of  the  difference  between  the  velocity  of 
the  earth  on  its  axis,  and  its  velocity  in  its  orbit. 

The  velocity  of  rotation  of  a  point  on  the  equator  is  to  the  ve- 
locity of  the  earth  in  its  orbit  as  1  to  65.82 ;  and,  since  the  an- 
nual aberration  is  20^^445,  the  diurnal  aberration  w^ill  be 
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(y^3107  in  arc, 
or  0.0207s.  in  sidereal  time. 

(235.)  This  is  the  diurnal  aberration  of  a  star  on  the  equator 
for  a  place  situated  on  the  equator ;  but  for  a  place  in  latitud^a 
f^j  the  circle  of  diurnal  rotation  being  less  than  at  the  equator, 
in  the  ratio  of  radius  to  the  cosine  of  the  latitude,  the  aberration 
will  be  equal  to 

0.0207s.  COS.  0. 
If  the  star  be  not  in  the  equator,  this  expression  denotes  only 
the  aberration  on  the  parallel  of  the  star's  declination ;  and  in 
order  to  reduce  it  to  the  celestial  equator,  or  to  the  value  of  the 
aberration  in  right  ascension,  it  must  be  multiplied  by  the  se- 
cant of  the  star's  declination.  Hence,  if  0  denote  the  latitude 
of  the  place,  and  6  the  declination  of  the  star,  then  the  correction 
in  time  for  the  upper  transit,  on  account  of  daily  aberration,  is 

+ 0.0207s.  COS.  0  sec.  6; 
and  for  the  lower  transit, 

-0.0207s.  cos.  0  sec.  d. 

METHOD    OP    SOLVING    EQUATIONS   OP    CONDITION. 

(236.)  In  astronomical  researches  it  is  frequently  required  to 
determine  the  valuefs  of  several  quantities  from  a  large  number 
of  simple  equations,  which  are  called  equations  of  condition ; 
and  when  the  number  of  independent  equations  is  greater  than 
the  number  of  unknown  quantities,  these  equations  can  not  be 
perfectly  satisfied,  and  we  can  only  obtain  more  or  less  probable 
values  of  the  unknown  quantities.  The  given  equations  may 
be  combined  in  a  variety  of  ways,  and  each  mode  of  combina- 
tion will  furnish  different  values  of  the  unknown  quantities. 
Hence  it  is  a  question  of  the  highest  importance  to  determine 
in  what  manner  these  equations  should  be  combined,  so  as  to 
furnish  the  most  probable  values  of  the  unknown  quantities. 
Thus,  for  example,  if  our  observations  have  furnished  the  four 
equations, 

X-  y+22r=3 (1) 

3a;+2y-52r=5 (2) 

4x+  y+4z=:21 (3) 

.-x+3y+33r=14 (4) 

and  it  is  required  to  find  the  values  of  x,  y,  and  Zj  we  may  pur« 
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sue  various  methods,  and  we  shall  obtain  various  results  for 
these  quantities. 

(237.)  A  method  frequently  practiced  consists  in  rendering 
the  coefficients  of  one  of  the  unknown  quantities,  as  a;,  positive  in 
all  the  equations,  and  then,  by  adding  all  the  equations  together, 
obtaining  a  new  equation,  in  which  the  coefficient  of  x  is  the 
greatest  possible.  In  a  similar  manner,  by  rendering  the  co- 
efficients of  y  positive  in  all  the  equations,  and  then  adding  all 
the  equations  together,  we  obtain  a  new  equation,  in  which  the 
coefficient  of  p  is  the  greatest  possible.  Proceeding  in  the  same 
manner  with  each  of  the  other  unknown  quantities,  we  shall 
have  as  many  new  equations  as  there  are  unknown  quantities, 
and  these  equations  may  be  readily  solved  by  the  ordinary  rules 
of  algebra.  Thus,  by  changing  the  signs  of  all  the  terms  in 
equation  (4),  and  adding  the  equations  together,  we  obtain 

9a;-y_2z=15 (5) 

Changing  the  signs  in  equation  (1),  we  obtain,  in  the  same 
manner, 

5x+7i/=S7 (6) 

Changing  the  signs  in  equation  (2),  we  obtain,  in  a  similar 
manner, 

x+y+Uz=33 (7) 

From  equations  (6),  (6),  and  (7),  by  the  usual  method  of  elim- 
ination, we  obtain  the  values 

a;=:2.4863;  y=3.5105;  ^r =1.9289. 

The  method  practiced  by  Tobias  Mayer  consisted  in  combining 
the  given  equations  by  addition,  subtraction,  etc.,  in  such  a  man- 
ner that  one  of  the  unknown  quantities,  as  x,  should  have  a  very 
large  coefficient  in  the  resulting  equation,  and  the  other  unknown 
quantities  should  have  small  coefficients.  Another  combination 
would  furnish  a  final  equation,  in  which  only  y  should  have  a 
large  coefficient ;  and  so  for  each  of  the  unknown  quantities. 

(238.)  Methods  similar  to  the  preceding  are  frequently  used 
by  astronomers,  on  account  of  their  convenience ;  but  Legendre 
has  demonstrated  that  the  most  probable  values  of  the  unknown 
quantities  are  those  which  render  the  sum  of  the  squares  of  all 
the  errors  the  least  possible.  This  method  is  accordingly  called 
the  method  of  least  squares. 
'  If  we  substitute  in  equation  (1)  the  values  of  x,  jr,  and  Zy 
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above  given^  we  shaH  find  that  the  second  member  of  the  equa- 
tion reduces  to  2.8326  instead  of  3,  showing  that  these  values 
do  not  perfectly  satisfy  the  equation.  A  similar  remark  applies 
to  equations  (2),  (3),  and  (4).  If,  then,  we  transpose  all  the 
terms  to  one  member  of  the  equation,  the  sum  of  the  terms  will 
not  reduce  to  zero,  but  will  be  equal  to  a  small  quantity,  e.  If 
these  equations  were  deduced  from  observation,  e  may  be  re- 
garded as  the  error  of  one  of  the  observations.  The  equations 
may  therefore  be  expressed  under  the  form 

e  z=a  +bx  +cy  -hdz 

e"  —a'  +b'x  +(/t/  +d'z 

eta  etc. 

There  will  be  as  many  of  these  equations  as  there  are  obser- 
vations. For  convenience,  let  us  denote  all  the  terms  of  the 
second  members  of  the  equations  which  are  independent  of  x, 
by  M,  H^,  etc.,  and  we  shall  have 

e  =bx  +M 

e^'z^b^'x-hW 
etc.       etc. 

Taking  the  sum  of  the  squares  of  these  equations,  we  shall 
have 

e»+6^+c'"H,  etc.=(te+M)«+(6'x+M0H(6''ic+M^0*+,  etc. 

(239.)  According  to  the  principle  above  stated,  this  quantity 
must  be  made  a  minimum,  which  is  done  by  putting  its  first  dif-* 
ferential  coefficient  equal  to  zero.  If  we  consider  only  the  un- 
known quantity  a:,  we  shall  have,  after  differentiating  and  di- 
viding by  2dXj 

0=b{bx+^)+b'{b'x+W)+b''{b''x+W%  etc. ; 
that  is,  to  form  the  equation  that  gives  a  minimum  for  any  one 
of  the  unknown  quantities^  as  x,  we  must  multiply  each  equa^ 
.  tion  of  condition  by  the  coefficient  of  x  in  that  equation^  taken 
with  its  proper  signj  and  put  the  sum  of  all  these  products 
equal  to  zero.  We  must  proceed  in  the  same  manner  for  y^  Zj 
etc.,  and  we  shall  obtain  as  many  equations  of  the  first  degree 
as  there  are  unknown  quantities,  whose  values  may  then  be  ob- 
tained by  the  usual  mode  of  elimination. 

To  apply  this  method  to  the  example,  on  page  221,  we  must 
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multiply  equation  (1)  by  1 ;  equation  (2)  by  3;  equation  (3)  by 
4 ;  and  equation  (4)  by  —1,  and  we  shall  obtain 
X-  y+  2z-  3=0 
9a;+6^-15;2r-15=0 
16a;+4y+16z-84=0 
a;-.3y-  3z+lA=0 
Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

27x+6y-88=0 (8) 

We  must  now  multiply  equation  (1)  by  —  1 ;  equation  (2)  by 
2;  equation  (3)  by  1 ;  and  equation  (4)  by  3,  and  we  shall  obtain 
-x+  y-  2z+  3=0 
6a;+4y-102r^l0=0 
4x+  y+  42r-21  =  0 
-3x+9y+  92r-42=0 
Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

6x+15y+;r-70=0 (9) 

We  must  also  multiply  equation  (1)  by  2 ;  equation  (2)  by—S ; 
equation  (3)  by  4 ;  and  equation  (4)  by  3,  and  we  shall  obtain 
2x-  2t^+  4z-  6=0 
-15a;-10y+262:+25=0 
16a;+  4y+16z-84=0 
-ac+  9y+  92r-42=0 
Putting  the  sum  of  these  equations  equal  to  zero,  we  obtain 

3^+64^-107=0 (10) 

By  comparing  equations  (8),  (9),  and  (10)  in  the  usual  mode 
of  elimination,  we  obtain  the  values 

a:=2.4702;  y=3.5509;  ;?=1.9157. 
If  we  substitute  in  equations  (1),  (2),  (3),  and  (4),  of  page  221, 
the  values  found  in  Art.  237,  we  shall  find  the  errors  of  these 
several  equations  to  be 

-.1674,  -.1676,  +.1673,  -.1671; 
the  sum  of  whose  squares  is 

0.1120. 
If  we  substitute  in  the  same  equations  the  values  last  found, 
we  shall  find  the  errors  of  these  several  equations  to  be 

-.2493,  -.0661,  +.0945,  -.0704; 
the  sum  of  whose  squares  is 

0.0804. 
The  «um  of  the  squares  of  the  errors  resulting  from  employ^ 
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ing  the  last  obtained  values  of  z^  y^  and  Zy  is  less  than  that  re- 
sulting from  the  former  values ;  and  henoe,  according  to  the 
principle  of  Legendre,  the  last  values  have  a  greater  probability 
in  their  favor  than  the  former. 

An  example  of  the  application  of  this  method  will  be  found 
on  page  334. 


EXAMPLES. 


1.  Given  the  moon's  right  ascension,  as  follows : 


1859,  August  25,    Oh. 

R.  A.=  7h. 

43m. 

7.06s. 

12 

«          8 

14 

12.80 

26,    0 

«          8 

44 

34.81 

12 

9 

14 

9.29 

27,   0 

9 

42 

56.19 

12 

10 

10 

68.65 

Required  the  moon's  right  ascension  August  26,  at  5h. 

2.  Required  the  apparent  right  ascension  and  north  polar  dis- 
tance of  a  LyrcB  (see  page  446)  August  19, 1859. 

3.  Given  the  equations 

3x+4y=16, 
5x-33^=14, 
7x-.6y=17, 
2x+9y=19, 
to  find  the  most  probable  values  of  x  and  y. 

4.  Required  the  mean  time  of  opposition  in  right  ascension 
of  the  sun  and  moon  Feb.  16,  1859,  from  the  following  data: 


Due. 

Sanl  Rl«lu  AMMuioa. 

Moon-.  Rlgbt  AmmuIob. 

h. 

b.         m.            •. 

b.         m.            ,. 

Feb.  16,    21 

22      1      32.87 

9    58      3.57 

22 

22      1      42.54 

10      0    21.89 

23 

22      1      62.21 

10      2    39.85 

24 

22      2        1.88 

10      4    57.45 

5.  Required  the  hourly  motion  of  the  moon  from  the  sun 
February  16,  1859,  at  S^h.  37m.  42s.,  according  to  the  pre- 
ceding data. 

P 


CHAPTER  X. 

ECLIPSES  OF  THE  MOON. 

(240.)  The  time  of  beginning  or  end  of  a  lunar  eclipse  at 
any  place. may  be  found  by  adding  its  longitude  to  the  times 
given  in  the  Nautical  Almanac  for  the  meridian  of  Washington 
when  the  longitude  is  east,  or  subtracting  the  longitude  when 
it  is  west.  The  times  given  in  the  Nautical  Almanac  may  be 
deduced  from  the  right  ascensions,  declinations,  etc.,  of  the  sun 
and  moon,  by  the  following  method. 

An  eclipse  of  the  moon  can  only  happen  at  the  time  of  full 
moon.  If  the  moon  at  that  time  is  within  about  12  degrees  of 
one  of  its  nodes,  there  may  be  an  eclipse.  To  find  whether  there 
will  be  one,  and  to  calculate  the  times  and  phases,  proceed  as 
follows : 

(241.)  Find  the  Washington  mean  time  of  opposition  in  right 
ascension  by  the  Nautical  Almanac,  in  the  manner  explained 
in  Art.  225.  For  this  time  compute  the  declination,  horizontal 
paraUax,  and  semi-diameter,  both  of  the  sun  and  moon ;  also 
the  hourly  motion  of  the  moon  from  the  sun,  both  in  right  as- 
cension and  declination,  as  explained  in  Art.  226. 

Let  G  represent  the  centre  of  the  earth's  shadow  (see  figure 
on  page  opposite),  whose  right  ascension  is  the  same  as  that  of 
the  sun,  increased  by  12  hours,  and  its  declination  is  the  dec- 
lination of  the  sun,  with  a  contrary  sign.  Let  DCH  be  a  me- 
ridian passing  throu^  the  centre  of  the  shadow,  and  ACB  a 
great  circle  perpendicular  to  it  Select  a  convenient  scale  of 
equal  parts,  and  from  it  take  CGr,  equal  to  the  moon's  declinap 
tion,  minus  the  declination  of  the  centre  of  the  shadow,  and 
set  it  on  CD,  from  G  to  Gr,  above  the  line  AB,  if  the  centre  of 
the  moon  is  north  of  the  centre  of  the  shadow,  but  below  if 
south.  Take  CO,  equal  to  the  hourly  motion  of  the  moon  from 
the  sun  in  right  ascension,  reduced  to  the  arc  of  a  great  circle, 
and  set  it  on  the  line  GB,  to  the  right  of  G.  Take  GP,  equal 
to  the  moon's  hourly  motion  firom  ike  sun  in  declination,  and 
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set  it  on  the  line  CD,  from  C  to  P,  above  the  line  AB,  if  the 
moon  is  moving  northward  with  respect  to  the  shadow ;  below, 


iM 


if  moving  southward.  Join  the  points  0  and  P.  The  line  OP 
will  represent  the  hourly  motion  of  the  moon  from  the  sun ;  and 
parallel  to  it,  through  Gr,  draw  NGL,  which  will  represent  the 
relative  orbit  of  the  moon,  the  earth's  shadow  being  supposed 
stationary.  On  this  line  are  to  be  marked  the  places  of  the 
moon  before  and  after  opposition,  by  means  of  the  hourly  mo- 
tion OP,  in  such  a  maimer  that  the  moment  of  opposition  may 
fall  exactly  on  the  point  Gr. 

(242.)  The  semi-diameter  of  the  earth's  shadow  is  equal  to 
the  horizontal  parallax  of  the  moon,  plus  that  of  the  sun,  minus 
the  sun's  semi-diameter;  which  result  must  be  increased  by 
^th  part,  on  account  of  the  earth's  atmosphere.  With  this 
radius  describe  the  circle  ADB  about  the  centre  C.  Add  the 
moon's  semi-diameter  to  the  radius  CB,  and  with  this  sum  for 
a  radius,  describe  about  the  centre  C  a  circle,  which,  if  there 
be  an  ecUpse,  will  cut  NL  in  two  points,  E  and  H  representing 
respectively  the  places  of  the  moon's  centre  at  the  beginning 
and  end  of  the  eclipse.  Draw  the  line  CKR  perpendicular  to 
LN,  and  cutting  it  in  K.     The  hours  and  minutes  marked  on 
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the  line  LN,  at  the  points  E,  K,  and  H^  will  represent  respect- 
ively  the  times  of  the  beginning  of  the  eclipse,  middle  of  the 
eclipse,  and  end  of  the  ecUpse.  If  the  circle  does  not  intersect 
NL,  there  will  be  no  ecUpse.  With  a  radius  equal  to  the  moon's 
semi-diameter,  describe  a  circle  about  each  of  the  centres,  E,  H, 
and  K.  If  the  ecUpse  is  total,  the  whole  of  the  circle  about  K 
will  fall  within  ARB ;  but  if  part  of  the  circle  falls  without. 
ARB,  the  eclipse  will  be  partial.  In  either  case  the  magnitude 
of  the  eclipse  will  be  represented  by  the  ratio  of  the  obscured 
part,  RI,  to  the  moon's  diameter.  When  the  eclipse  is  total, 
the  beginning  and  end  of  total  darkness  may  be  found  by  taking 
a  radius  equal  to  CB,  diminished  by  the  moon's  semi-diameter, 
and  describing  with  it,  round  the  centre  C,  a  circle,  cutting  LN 
in  two  points,  representing  respectively  the  points  of  beginning 
and  end  of  total  darkness. 

Example  1. 

(243.)  Required  the  times  of  beginning,  end,  etc.,  of  the 
ecUpse  of  the  moon,  October  24,  1855,  at  Washington  Observ- 
atory. 

By  the  Nautical  Almanac,  the  Washington  mean  time  of  op- 
position in  right  ascension  is,  October  24,  14h.  10m.  29.6s., 
which  result  differs  somewhat  from  that  found  on  page  211. 
Corresponding  to  this  time,  the  Nautical  Almanac  furnishes  the 
foUowing  elements : 

Declination  of  the  moon N.  11  42  26.9 

Declination  of  the  earth's  shadow N.  11  56  48.0 

Moon's  equatorial  horizontal  parallax  ....  59  45.8 

Sun's  horizontal  parallax 0    8.6 

Moon's  semi-diameter 16  19.2 

Sun's  semi-diameter 16    7.9 

Moon's  hourly  motion  in  right  ascension .  .  33  22.1 

Sun's  hourly  motion  in  right  ascension ...  2  23.4 

Hourly  motion  of  moon  in  decUnation  ...        N.  15  39.8 
Hourly  motion  of  shadow  in  declination  .  .        N.    0  52.1 


The  figure  of  the  earth  being  spheroidal,  that  of  the  shadow 
will  deviate  a  Uttle  from  a  circle,  so  that  to  have  a  mean  ra- 
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dius  the  horizontal  parallax  of  the  moon  should  be  reduced  to  a 
mean  latitude  of  45°.  This  reduction,  by  Table  XIV.,  is  5^''.9 ; 
so  that  the  moon's  reduced  parallax  is  69^  39'^9.  Then,  to  ob- 
tain CB,  the  semi-diameter  of  the  earth's  shadow,  we  have  59^ 


39''.9 + 8^^6  - 16^  T\%  which  is  equal  to  43^  40^^6.  Increasing 
this  by  -gi^th  part  of  itself,  or  43''.7,  we  have  44^  24^^3=CB ; 
to  which  adding  the  moon's  semi-diameter,  we  obtain  CE  =  6(K 
43^^5.  From  the  centre  C,  with  a  radius  CB,  taken  from  a  con- 
venient scale  of  equal  parts,  describe  the  circle  ARB,  represent- 
ing the  earth's  shadow.  Draw  the  line  ACB  to  represent  a  par- 
allel to  the  equator,  and  make  CGr  perpendicular  to  it,  equal  to 
14^  21^^.1,  which  is  the  moon's  declination,  minus  the  dechna- 
tion  of  the  centre  of  the  shadow ;  the  point  Gr  being  taken  be- 
low C,  because  the  centre  of  the  moon  is  south  of  the  centre  of 
the  shadow. 

The  hourly  motion  of  the  moon  from  the  sun  in  right  ascen- 
sion is  30^  68^^.7,  which  must  be  reduced  to  the  arc  of  a  great 
circle  by  multiplying  it  by  the  cosine  of  the  moon's  declination, 
UP  42^  26^^9,  Art.  72,  thus : 

3(y  58^^7=1858^^7=3.269209 
COS.  Dec.=  9.990870 

Reduced  hourly  motion =1820^^0 =3.260079 
Make  CO  equal  to  1820^^.0,  and  CP,  perpendicular  to  it,  equal 


330  Practical  Astronomy. 

to  14'  47^^7,  which  is  the  hourly  motion  of  the  moon  from  the 
shadow  in  deoUnation,  the  point  P  being  placed  above  C,  because 
the  moon  was  moving  northward  with  respect  to  the  shadow. 
Join  OP ;  and  parallel  to  it,  through  Gr,  draw  the  line  NGL, 
which  represents  the  path  of  the  moon  with  respect  to  the 
shadow.  On  NL  let  fall  the  perpendicular  CK.  Now  at  14h. 
10m.  29.6s.  the  moon's  centre  was  at  G.  To  find  X,  the  place 
of  the  moon's  centre  at  14h.,  we  must  institute  the  proportion 

60m. :  10m.  29.6s. ::  OP :  GX ; 
which  distcmce,  set  on  the  line  GN,  to  the  right  of  G;  reaches 
to  the  point  X,  where  the  hour,  14h.  preceding  the  full  moon,  is 
to  be  marked.  Take  the  line  OP,  and  lay  it  from  14h.,  toward 
the  right  hand,  to  13h.,  and  successively  toward  the  left  to  15h., 
16h.,  etc.  Subdivide  these  lines  into  60  equal  parts,  represent- 
ing minutes,  if  the  scale  will  permit ;  and  the  times  correspond- 
ing to  the  points  E,  K,  and  H  will  represent  respectively  the  be- 
ginning of  the  eclipse,  12h.  36m. ;  the  middle  of  the  eclipse,  14h. 
22m. ;  and  the  end  of  the  ecUpse,  16h.  7m. 

If  the  results  obtained  by  this  method  are  not  thought  to  be 
sufficiently  accurate,  we  may  institute  a  rigorous  computation. 

'  COMPUTATION    OF  ECLIPSE. 

(244.)  The  phases  of  the  eclipse  may  be  accurately  calculate^] 
in  the  following  manner : 

In  the  right>angled  triangle  OOP,  we  have  given  CO  =  1820'^0 
and  CP= 887^^7,  to  find  OP  and  the  angle  CPO,  thus : 
CP:R::CO:tang.  CPO. 

00  =  1820^^0=3.260079 
CP=  887^^7=2.948266 
CPO=63o  59^  59"'  tang. =0.311813 
Also,  sin.  CPO :  R ::  CO :  OP. 

00=3.260079 
sin.  CPO= 9.953659 
OP  =  2025^^0=3.306420 
The  angle  CPO  is  equal  to  CGK,  because  GE  and  OP  are 
parallel.     Then,  in  the  triangle  CGE,  we  have  the  angle  CGE 
=  116°  0^  V;  CG,  the  difference  of  declination  between  the 
moon  and  the  centre  of  tlie  shadow,  =14^  21^^.1= 861^M  ;  and 
the  line  CE =60^  43^^5  =  3643^^5,  to  find  the  other  parts  of  the 
triangle,  thus : 
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CE :  sin.  CQE ::  Ca :  sin.  CEG. 
CE  comp.= 6.438481 
sin,  CGE=r  9.953659 
00=2.935054 
CEG=12o  15^  5V'  sin=9.327194 
Therefore  the  angle  ECG=5lo  44"  8^     Then 
sin.  CGE  :  CE ::  sin.  ECG :  EG. 
sin.  CGE  com/?.  =  0.046341 
CE  =  3.561519 
sin.  ECG =9.894959 
EG=3182"^9=3.502819 
Then,  to  find  the  time  of  describing  EG,  we  say, 
As  OP  (2025^^0)  is  to  1  hour,  so  is  EG  (3182^^9)  to  the  time 
(5658.5s.)  Ih.  34m.  18.5s.,  between  the  beginning  of  the  ecUpse 
and  the  time  of  opposition  in  right  ascension,  14h.  10m.  29.6s., 
which  gives  the  beginning  of  the  eoUpse  12h.  36m.  11.1s. 

The  middle  of  the  eclipse  is  found  by  means  of  the  triangle 
CGK,  which  is  similar  to  OPO,  in  which  the  angles  and  hy- 
pothenuse  are  given  to  find  OK  and  KG.    We  have 
B :  CG ::  sin.  CGK  :  OK ::  cos.  CGK :  GK. 
sm.  CGK=9.953659  cos.  CGK=9.641846 

CG=2.935054  CG= 2.935054 

CK=774'^0=2.888713  GK= 377^^5 =2.576900 

To  find  the  time  of  describing  GK,  we  form  the  proportion 
2025^^0 :  3600s. ::  377^^5 :  671.1s. = 11m.  11.1s. ; 
which  being  added  to  14h.  10m.  29.6s.,  because  the  point  K  falls 
to  the  left  of  G,  gives  the  time  of  the  middle  of  the  eclipse,  14h. 
21m.  40.7s.  Subtract  the  time  of  beginning,  12h.  36m.  11.1s., 
from  the  time  of  middle,  we  obtain  for  half  the  duration  of  the 
eoUpse  Ih.  45m.  29.6s. ;  which,  added  to  14h.  21m.  40.7s.,  gives 
for  the  end  of  the  eclipse  16h.  7m.  10.3s. 

Subtracting  OK,  12"  54"".0,  from  CB,  44"  24"".3,  we  have  KR, 
31"  30"".3;  to  which  adding  KI,  16"  19"".2,  we  obtain  RI,  47" 
49"".5.  Dividing  this  by  the  moon's  diameter,  32"  38"'.4,  we  ob- 
tain the  magnitude  of  the  eclipse,  1.465  (the  moon's  diameter 
being  unity) ;  and  the  eclipse  takes  place  on  the  moon's  north 
limb. 

(245.)  The  beginning  and  end  of  total  darkness  may  be  found 
in  the  same  manner.     With  a  radius  equal  to  CB,  diminished 
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by  the  moon's  semi-diameter  (that  is,  44^  24'^3— 16'  19^^2, 
which  equals  28'  5'M,  or  1685'M),  describe  about  the  centre 
C  a  circle,  cutting  LN  in  the  points  S  and  T,  which  will  repre- 
sent the  points  of  beginning  and  end  of  total  darkness. 

In  the  triangle  CGS,  Ca=861'M,  CS=1685'M,  and  the  an- 
gle  CGS= 1160  (y  V\     Hence  we  have 

CS :  sm.  CGS ::  CG :  sin.  CSG. 

CS  comp.  =  6.773374 

sin.  CGS =9.953659 

CG= 2.935054 

CSG=27o  20^  29'^  sin.=9.662087 

Therefore  the  angle  SCG =36^  39'  30"'.     Then 

sin.  CGS :  CS ::  sin.  SCG :  SG. 

sm.  CGS  comp. = 0.046341 

CS=3.226626 

sin.  SCG=9.776005  / 

GS=1119".4=3.048972 

Then,  to  find  the  time  of  describing  GS,  we  say, 

2025".0 :  3600s. : :  1119^^4 :  1990.0s.  =  33m.  10.0s.  ; 
which,  being  subtracted  from  14h.  10m.  29.6s.,  gives  the  be- 
ginning of  total  darkness,  13h.  37m.  19.6s.  Subtracting  this 
from  the  time  of  middle,  we  obtain,  for  half  the  duration  of  total 
darkness,  44m.  21.1a,  which,  added  to  14h.  21m.  40.7s.,  gives, 
for  the  end  of  total  dsurkness,  15h.  6m.  1.8s. 

(246.)  The  contacts  with  the  penumbra  may  be  found  in  a 
similar  manner.  The  semi-diameter  of  the  penumbra  is  equal 
to  the  semi-diameter  of  the  shadow,  plus  the  sun's  diameter,  or 
44'  24".3+32'  15".8  =  76'  40".l.  If  we  take  the  circle  ARB, 
in  the  figure  on  page  229,  to  represent  the  limits  of  the  penum- 
bra, CE  wiU  be  equal  to  76'  40".l4-16'  19'^2=92'  59".3. 
Then,  in  the  triangle  CGE,  we  have  given  the  angle  CGE 
=  116^  0'  1^  CG=861".l,  and  CE=5579".3,  to  find  GE, 
thus :  CE  :  sin.  CGE : :  CG :  sin.  CEG. 

CE  comp.= 6.253420 

sin.  CGE =9.953659 

CG=2.935054 

CEG=7°  68'  25"  sin.=9.142133 

Therefore  the  angle  ECG=56<5  i^  34//.     tj^^q 
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sin.  CGE:CE::sm.  ECG:EG. 

sin.  CGE  comp.= 0.046341 

CE= 3.746680 

sin.  ECG=9.918708 

EG=5147^^9=b.711629 

To  find  the  time  of  describing  EO,  we  say, 
2025^0 :3600s.::  6147^^9 :9161.9s.=2h.  32m.  31.9s., 
which,  subtracted  from  14h.  10m.  29.6s.,  gives  the  first  contact 
with  the  penumbra  at  llh.  37m.  67.7s.  Subtracting  the  time 
of  first  contact  from  the  middle  of  the  eclipse,  14h.  21m.  40.7s., 
we  have  for  half  the  duration,  2h.  43m.  43.0s. ;  which,  added 
to  14h.  21m.  40.7s.,  gives,  for  the  last  contact  with  the  penum- 
bra, 17h.  6m.  23.7s. 

The  results  thus  obtained  are  as  follows : 

h      m.     ». 

First  contact  with  the  penumbra  at .  .  11  37  68  ^ 

First  contact  with  the  umbra 12  36  11 

Beginning  of  total  eclipse 13  37  20      Mean  time 

Middle  of  the  eclipse 14  21  41  >  at 

End  of  total  eclipse 16    6    2     Washington. 

Last  contact  with  the  umbra 16    7  10 

Last  contact  with  the  penumbra  ...  17    6  24  - 

Magnitude  of  the  eclipse,  1.466  on  the  northern  limb. 

To  obtain  the  time  for  any  other  place,  we  have  only  to  add 
or  subtract  the  longitude.  For  Cambridge  Observatory,  whose 
longitude  is  23m.  41.6s.  east  of  Washington,  the  times  will  ac- 
cordingly be 

A.     m.     «. 

First  contact  with  the  penumbra  at  .  .  12    1  39 

First  contact  with  the  umbra 12  69  63 

Beginning  of  total  eclipse 14    1    1     Mean  time 

Middle  of  the  ecUpse 14  46  22  ^        at 

End  of  total  ecUpse 16  29  43     Cambridga 

Last  contact  with  the  umbra 16  30  62 

Last  contact  with  the  penumbra  ....  17  29    6 

Ex.  2.  Compute  the  phases  of  the  eclipse  of  May  1, 1866,  for 
Cambridge  Observatory,  Longitude  23m.  41.6s.  east  of  Wash- 
ington, from  the  following  elements: 
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Washington  mean  time  of  opposition  in 

right  ascension lOh.  49m.  lO.ls. 

Declination  of  the  moon S.  15°    V  24^^.4. 

Declination  of  the  earth's  shadow  ....  S.  15    11  32  .0. 
Moon's  equatorial  horizontal  parallax   .  .  57     9  .4. 

Sun's  horizontal  parallax 0     8  .5. 

Moon's  semi-diameter 15  35  .6. 

Sun's  semi-diameter 15  54  .1. 

Moon's  hourly  motion  in  right  ascension  .  31  34  .2. 

Sun's  hourly  motion  in  right  ascension  .  2  23  .2. 

Hourly  motion  of  moon  in  declination  .  .         S.  13  10  .1. 
Hourly  motion  of  shadow  in  declination  .         S.    0  45  .1. 

Ans. 

First  contact  with  the  penumbra  at  .  .  8  27  37 

First  contact  with  the  umbra 9  30     6 

Beginning  of  total  eclipse 10  32  40     Mean  timo 

Middle  of  the  ecUpse 11  20  49  I         at 

End  of  total  ecUpse 12    8  58    Cambridge; 

Last  contact  with  the  umbra 13  11  32 

Last  contact  with  the  penumbra    ...  14  14     0 

Magnitude  of  the  ecUpse,  1.549  on  the  southern  limb. 


CHAPTER  XL 

ECUPSES  OF  THE  SUN  AND  OCCULTATIONS. 
Section  I. 

METHOD   OF    PROJECTING   SOLAR    ECLIPSES. 

(247.)  In  order  to  ascertain  -whether  a  solar  eclipse  will  be 
visible  at  a  particular  place,  and  if  so,  to  determine  its  general 
appearance,  we  will  suppose  the  spectator  to  be  placed  at  the 
centre  of  the  sun,  to  look  down  upon  the  earth,  and  see  the 
moon  passing  across  its  disk.  The  earth,  in  that  case,  must  ap«i 
pear  to  him  like  a  flat  circular  disk,  as  the  full  moon  does  to  us ; 
and,  on  account  of  the  obliquity  of  the  ecliptic,  the  position  of  the 
pole,  as  well  as  the  path  described  by  each  point  on  the  earth's 
surface  in  consequence  of  the  diurnal  motion,  must  vary  veith 
the  season  of  the  year.  At  the  time  of  the  vernal  equinox,  the 
plane  of  the  equator  passes  through  the  sun ;  the  poles  must 
therefore  appear  to  be  situated  upon  the  margin  of  the  disk,  and 
the  equator  inclined  23^  degrees  to  the  .ecliptic,  as  in  Fig,  1, 
where  AB  represents  the  ecliptic,  H,  H^  the  poles  of  the  ecliptic, 
EQ,  the  equator,  F,  P^  the  poles  of  the  equator,  and  DB,  AF  par- 
allels of  latitude,  which  appear  to  the  spectator  like  straight 

Fig.  1. 


lines.  At  the  autumnal  equinox  the  parallels  of  latitude  will 
also  appear  as  straight  lines,  but  the  poles  of  the  earth  will  lie 
on  the  opposite  side  of  the  poles  of  the  ecliptic,  as  represented  in 
Fig,  2.     At  the  summer  solstice  the  north  pole  of  the  earth  will 
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occupy  the  position  indicated  by  P,  in  Fig,  3 ;  the  south  pole 
of  the  earth  will  be  invisible,  the  equator  will  occupy  the  posi- 
tion EMQ,  and  the  parallels  of  latitude  will  all  be  projected  into 


At  the  winter  solstice  the  south  pole  of  the  earth  will 
be  seen  as  represented  at  P^,  in  Fig.  4 ;  the  north  pole  will  be 
invisible,  and  the  equator  will  occupy  the  position  EHQ.  These 
different  cases  may  all  be  readily  illustrated  by  means  of  a  ter- 
restrial globe. 

(248.)  In  order  to  project  an  eclipse  of  the  sun,  we  must  first 
represent  the  earth  as  it  would  appear  to  a  spectator  on  the  sun 
at  the  time  proposed.  We  must  then  draw  the  parallel  of  lati- 
tude corresponding  to  the  place  for  which  the  phases  of  the 
eclipse  are  to  be  determined,  and  mark  upon  this  parallel  the 
position  of  the  given  place  for  the  different  hours  of  the  day. 
We  must  then  draw  the  moon's  apparent  path  across- the  earth's 
disk,  and  mark  the  points  which  it  occupies  at  each  hour  of  its 
transit.  We  must  then  find  that  point  of  the  moon's  path,  and 
the  point  in  the  path  of  the  spectator,  marked  with  the  same 
times,  which  are  at  the  least  distance  from  each  other.  This 
will  indicate  the  time  when  the  eclipse  is  greatest.  We  must 
find,  in  the  same  manner,  that  point  of  the  moon's  path,  and  that 
point  in  the  path  of  the  spectator,  which  are  marked  with  the 
same  hour,  and  whose  distance  from  each  other  is  equal  to  the 
sum  of  the  semi-diameters  of  the  sun  and  moon.  This  will  in- 
dicate the  time  of  beginning  or  end  of  the  eclipse.  This  method 
will  be  easily  understood  from  the  following  example : 
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Example. 

(249.)  Required  the  times  and  phases  of  the  eclipse  of  the 
sun,  May  26,  1854,  at  Boston,  latitude  42°  2V  28''  N.,  longi- 
tude 4h.  44m.  14s.  W.  of  Greenwich. 

By  the  Nautical  Almanac,  the  time  of  new  moon  at  Green- 
wich is,  May  26,  8h.  47.1m.  mean  time,  corresponding  to  4h. 
2.9m.  mean  time  at  Boston ;  or  4h.  6.1m.  apparent  time,  the 
equation  of  time  being  +3m.  15.4s. 

For  this  time,  the  elements  of  the  eclipse  are  as  follows : 

Sun's  longitude 65°  12'  32'^ 

Sun's  declination 21°  11'  17''N. 

Moon's  latitude 2r3a"=1290''N. 

Moon's  hourly  motion  in  longitude   ....  1807''. 

Sun's  hourly  motion  in  longitude 144". 

Moon's  hourly  motion  in  latitude 167". 

Moon's  equatorial  horizontal  parallax  ...  54'  32".6. 

Sun's  equatorial  horizontal  parallax  ....  8".5. 

Moon's  true  semi-diameter 14'  53".5. 

Sun's  true  semi-diameter 15'  48".9. 

The  geocentric  latitude  of  Boston,  which  is  to  be  used  in  the 
following  projection,  is  42°  W  0"* 

The  relative  positions  of  the  sun  and  moon  will  be  the  same 
if  we  attribute  to  the  moon  the  effect  of  the  difference  of  their 
parallaxes,  and  suppose  the  sun  to  remain  in  his  true  position. 
This  difference  is,  therefore,  the  relative  parallax,  or  that  which 
influences  the  relative  position  of  the  two  bodies.  The  moon's 
equatorial  horizontal  parallax  is  54'  32".6 ;  its  horizontal  paral- 
lax for  Boston  (Art  210)  is  54'  27".6 ;  and  the  relative  paral- 
lax  is  54'  19".l,  or  3259".l,  which  represents  the  apparent  semi- 
diameter  of  the  earth's  disk,  if  seen  at  the  distance  of  the  moon 
from  the  earth ;  while  14'  53".5  represents  the  moon's  apparent 
semi-diameter,  seen  from  the  same  distance.  These  numbers 
will,  therefore,  represent  their  relative  magnitude  when  seen  at 
any  distance.  Take,  therefore,  AC  (see  figure  on  next  page), 
equal  to  3259,  from  any  convenient  scale  of  equal  parts,  and  de- 
scribe the  semicircle  ADB  to  represent  the  northern  half  of  the 
earth'<6  disk  as  seen  from  the  sim,  and  draw  CD  perpendicular 
to  AB  for  the  axis  of  the  ecliptic.     Take  the  chord  of  23^  28' 
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(equal  to  the  obUquity  of  the  eoliptio),  corresponding  to  the  ra- 
dius AC,  and  set  it  off  on  the  cirde  ADB,  upon  each  side  of  D, 
to  E  and  H.  In  this  and  several  subsequent  oases,  when  a 
ohord  or  sine  is  required  corresponding  to  a  particular  radius,  it 
is  most  oonvenientiy  obtained  from  a  sector,  but  may  be  derived 
from  any  scale  of  chords  or  sines.  Draw  the  line  EH,  cutting 
CD  m  E.  By  comparing  figures  1,  2,  3,  and  4,  on  pages  235 
and  236,  it  will  be  perceived  that  the  pole  of  the  earth,  as  viewed 
from  the  sun,  wiU  appear  to  revolve  with  the  seasons  of  the  year 
through  the  line  HKE ;  and  since  H  is  its  position  at  the  vernal 
equinox,  its  distance  at  any  time  from  H  will  be  equal  to  the 
versed  sine  of  the  sun's  longitude ;  or  its  distance  from  the  sol- 
stice, E,  will  be  equal  to  the  sine  of  the  difference  between  the 
sun's  longitude  and  90"^,  or  270<^.  Take,  then,  the  sine  of  90^ 
-65°  12^5,  that  is,  the  sine  of  24^  47^5  to  the  radius  EE,  and 
set  it  off  from  E  to  F,  which  will  be  the  place  of  the  pole  of  the 
earth.  Draw  GP,  and  produce  it  to  cut  the  circle  ADB  in  M. 
The  line  CP  represents  the  northern  half  of  the  earth's  axis. 

(250.)  We  wish  now  to  represent  the  parallel  of  latitude  of 
Boston,  or  the  path  of  Boston  on  the  earth's  disk,  as  seen  from 
the  sun.  If  the  latitude  of  the  place  were  just  equal  to  the  sun's 
declination,  the  sun  would  be  vertical  at  noon,  and  Boston  would 
be  seen  precisely  at  the  centre  of  the  disk  at  G ;  but  since  the 
latitude  exceeds  the  sun's  declinatiim  by  20^  59",  Boston  must 
be  seen  that  distance  north  of  the  point  where  the  sun  is  verti- 
cal, which,  when  projected  on  the  disk,  becomes  the  sine  of  the 
arc,  measured  from  G  on  the  axis  GP.  Take,  then,  the  sine  of 
20'>  59'  to  the  radius  AG,  and  set  it  off  from  G  to  12.  This 
point  will  be  the  apparent  position  of  Boston  at  noon. 

If  the  earth  were  transparent,  Boston  would  be  seen  at  mid- 
night somewhere  upon  the  line  GM,  and  north  of  the  point  12. 
The  point  antipodal  to  that  at  which  the  sun  is  vertical,  and 
which  also  would  be  seen  at  G,  is  as  many  degrees  south  of  the 
equator  as  the  sun's  declination  is  north.  Hence  the  distance 
of  Boston  from  this  point  at  midnight  must  be  equal  to  the  lati- 
tude of  the  place  added  to  the  sun's  declination,  which  amounts 
to  630  21^  With  the  radius  AG,  take  the  sine  of  63°  21^  and 
set  it  off  from  G,  upon  the  line  GP,  to  S.  The  point  S  will  rep- 
resent the  apparent  place  of  Boston  at  midnight. 
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The  line  12,  S  is  the  shortest  diameter  of  the  ellipse  into  which 
the  parallel  of  latitude  appears  projected,  from  being  seen  ob- 
liquely.  The  point  T,  midway  between  12  and  S,  is  its  centre ; 
and  the  line  6,  6  drawn  through  T,  perpendicular  to  CM,  is  its 
longest  diameter.  The  line  6,  6  not  being  shortened  by  being 
seen  obliquely,  will  appear  of  the  length  of  the  radius  of  the  par- 
allel, which  is  equal  to  the  cosine  of  the  latitude.  The  comple- 
ment of  the  latitude  of  Boston  is  47°  50' ;  and  setting  off  its 
sine  each  way  from  T  to  6  and  6,  we  find  the  extremities  of  the 
longest  diameter,  which  must  be  the  points  on  the  disk  where 
Boston  will  be  seen  at  six  o'clock  in  the  morning  and  at  six 
o'clock  in  the  evening. 

(251.)  The  position  of  Boston  at  any  other  hour  of  the  day 
may  be  found  as  follows :  With  a  radius  equal  to  T,  6,  take  the 
sine  of  15°  (corresponding  to  one  hour),  and  set  it  off  on  each 
side  of  the  point  T  to  the  points  marked  15°.  In  the  same  man- 
ner, set  off  the  sines  of  30°,  45°,  60°,  and  75°.  Through  these 
points  draw  lines,  as  in  the  figure,  parallel  to  CM.  With  a  ra- 
dius equal  to  ST,  take  the  sine  of  75°,  and  set  it  off  on  the  line 
1, 11,  from  the  point  marked  15°,  above  and  below  the  line  6,  6. 
In  the  same  manner,  set  off  the  sines  of  60°,  45°,  30°,  and  15°, 
from  the  points  marked  30°,  45°,  60°,  and  75°.  The  points  1, 
2,  3,  etc.,  obtained  in  this  manner,  will  represent  the  situation 
of  Boston  at  those  hours,  and  an  ellipse  drawn  through  these 
points  will  represent  its  apparent  path.  The  hours  must  be 
marked  from  noon  toward  the  right,  in  succession,  round  the 
curve.  The  path  touches  the  circle  ADB  in  two  points,  repre- 
senting the  points  of  sunrising  and  sunsetting,  which,  in  the 
present  figure,  are  4^  A.M.  and  7i  P.M.  These  points  divide 
the  path  into  two  parts,  of  which  one  represents  the  path  by  day 
and  the  other  by  night. 

(252.)  We  wish  now  to  represent  the  moon's  apparent  path 
across  the  earth's  disk.  From  the  same  scale  upon  which  AC 
was  measured,  take  an  interval  equal  to  the  moon's  latitude, 
1290'",  and  apply  it  on  CD,  from  C  to  G,  above  the  line  ACB, 
because  the  moon's  latitude  is  north.  Take  CO,  equal  to  1663'', 
the  hourly  motion  of  the  moon  from  the  sun  in  longitude,  and 
set  it  on  the^line  CB,  from  C  to  0.  Draw  OR  verpendicular  to 
CB,  and  make  it  equal  to  167",  the  moon's  hour/y  motion  in  lat- 
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itude,  and  set  it  above  the  line  ACB,  beoause  the  moon  is  going 
northward.  Draw  the  line  CR,  which  represents  the  hourly  mo- 
tion of  the  moon  from  the  sun  on  the  relative  orbit ;  and  paral- 
lel to  this  line,  draw  the  relative  orbit  of  the  moon,  LGN,  on 
which  are  to  be  marked  the  places  of  the  moon  before  and  after 
the  conjunction,  by  means  of  the  hourly  motion,  GR,  so  that  the 
moment  of  the  new  moon  at  Boston  may  fall  exactly  on  thjd 
point  Gr,  where  the  new  moon  is  at  4h.  6m.  This  may  be  done 
by  instituting  the  proportion  ' 

60m. :  the  line  CR ::  6m. :  the  line  G,  IV. 

This  distance  is  to  be  set  off  on  the  line  GrL,  from  Gr,  toward 
the  left,  to  the  point  lY,  the  place  of  the  moon  at  four  o'clock. 
Then  the  distance  CR  being  taken  in  the  compasses,  and  set 
from  IV,  both  toward  the  right  and  left,  as  often  as  may  be  nec- 
essary, gives  the  places  of  the  moon's  centre  at  3,  4,  5,  6,  etc., 
o'clock,  by  apparent  time.  These  hours  may  be  divided  into 
60  equal  parts,  representing  minutes,  if  the  scale  be  taken  suffi- 
ciently large. 

(253.)  Find,  by  trials  with  a  pair  of  compasses,  two  points, 
one  on  the  moon's  path,  and  the  other  on  the  path  of  the  specta- 
tor, both  of  which  are  marked  with  the  same  times,  and  which 
are  at  the  least  distance  from  each  other.  That  time,  which  in 
the  present  case  is  5h.  44m.,  is  the  instant  when  the  eclipse  is 
greatest. 

The  appearance  of  the  moon,  as  projected  upon  the  earth's 
disk  at  any  hour,  may  be  shown  by  taking  its  semi-diameter, 
893^^.5,  and  with  this  radius  describing  a  circle,  whose  centre  is 
the  point  where  the  moon's  centre  will  be  at  the  time  proposed. 
The  figure  shows  the  appearance  of  the  moon  at  5h.  44m.  If, 
with  a  radius  equal  to  the  sun's  semi-diameter,  948^^9,  we  de- 
scribe a  circle  whose  centre  is  the  position  of  Boston  at  the  same 
instant,  this  circle  will  represent  the  sun's  disk  at  the  middle  of 
the  eclipse.  The  moon's  semi-diameter  being  considerably  less 
than,  the  sun's,  the  eclipse  is  seen  to  be  annular  at  Boston. 
Throughout  the  entire  tract  represented  as  covered  by  the  moon's 
disk,  the  sun's  centre  must  be  invisible ;  that  is,  along  the  par- 
allel of  latitude  of  Boston,  between  the  hours  3  and  7,  which 
amounts  to  more  than  60  degrees  of  longitude ;  and  throughout 
a  much  larger  area,  some  portion  of  the  sun's  disk  will  be  con* 
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cealed  The  extent  of  this  area  may  he  determined  hy  descrih- 
ing  a  circle  with  the  same  centre,  and  a  radius  equal  to  the  sum 
of  the  radii  of  the  sun  and  moon. 

(254.)  The  ecUpse  must  commence  at  Boston  as  soon  as  the 
disks  of  the  sun  and  moon  begin  to  interfere.  Take,  then,  from 
ihe  scale  of  equal  parts,  with  a  pair  of  compasses,  an  extent 
equal  to  the  sum  of  the  semi-diameters  of  the  sun  and  moon, 
1842^''.4,  and,  beginning  near  L,  set  one  foot  on  the  moon's  path 
and  the  other  fcot  on  the  path  of  the  spectator,  and  move  them 
backward  and  forward  till  both  the  points  fall  into  the  same 
hour  and  minute  in  both  paths.  This  will  indicate  the  begin- 
.  ning  of  the  eclipse,  which,  in  the  present  case,  is  4h.  30m.  Do 
the  same  on  the  other  side  of  the  moon's  path,  and  the  end  of  the 
eclipse  will  be  found,  in  the  same  manner,  at  6h.  51m.  We 
have  thus  obtained  the  following  results  for  Boston : 

Apparent  Time.       Mean  Tlma. 
hm    fii.  A.    m. 

Beginning  of  eclipse 4  30     =     4  27  P.M. 

Greatest  obscuration 5  44     =     5  41 

End  of  eclipse 6  51     =     6  48 

The  results  are  obtained  in  apparent  time,  because  the  points 
1,  2,  3,  etc.,  on  the  parallel  of  Boston,  correspond  to  apparent 
time,  and  the  places  of  the  moon  upon  its  relative  orbit  were 
also  determined  for  apparent  time. 

When  this  projection  is  carefully  made,  it  will  furnish  the 
times  of  beginning  and  end  within  one  or  two  minutes. 

By  drawing  different  paralleb  of  latitude,  we  may  determine 
the  phases  of  the  eclipse  at  any  number  of  places  required. 

SECOND    METHOD   OF   PROJECTION. 

(255.)  In  the  preceding  projection  we  have  employed  the 
longitude  and  latitude  of  the  sun  and  moon,  as  well  as  their 
hourly  motions  in  longitude  and  latitude ;  but  the  projection  may 
be  made  with  about  equal  facility  by  employing  the  right  ascen- 
sion and  decUnatioD  of  these  bodies.  This  method  differs  from 
the  preceding  in  only  a  few  particulars. 

In  the  figure  on  the  opposite  page,  AC,  the  radius  of  the  cir- 
cle of  projection,  is  the  difference  of  the  horizontal  parallaxes  uf 
the  sun  and  moon;  CD  is  a  meridian  or  circle  of  declination ; 
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6,  12,  6  the  projection  of  the  parallel  of  latitude  of  the  place; 
LGN  the  moon's  apparent  path ;  CGr  the  difference  of  declina- 
tion of  the  sun  and  moon  at  the  instant  of  conjunction  in  right 
ascension ;  C12  the  sine  of  the  sun's  zenith  distance  at  noon ; 
and  6T  the  radius  of  the  parallel  of  latitude. 

The  hourly  motions  of  the  moon  and  sun,  being  given  in  right 
ascension,  must  be  multiplied  by  the  cosine  of  the  declination  to 
reduce  them  to  an  arc  of  a  great  circle,  by  Art.  72.  CO,  in  the 
figure,  represents  this  reduced  hourly  motion  of  the  moon  from 
the  sun,  and  OR  the  hourly  motion  of  the  moon  from  the  sun  in 
declination.  The  distance  CR  represents  the  moon's  relative 
hourly  motion  on  its  apparent  path. 

We  will  apply  this  method  to  the  eclipse  of  May  26, 1854,  for 
Boston. 

(256.)  By  the  Nautical  Almanac,  conjunction  in  right  ascen- 
sion takes  place  at  8h.  55m.  43.2s.,  Greenwich  mean  time,  cor- 
responding to  4h.  11m.  29s.  mean  time  at  Boston,  or  4h.  14m. 
44s.  apparent  time.     For  this  time  we  obtain  from  the  Almanac 

the  moon's  hourly  motion  in  right  ascension  .  .  31^  18^'.9. 
"   sun's  hourly  motion  in  right  ascension  ...     2'  3V\8. 

Hence  the  hourly  motion  of  the  moon  froin  the  sun  in  right 
ascension  is  28'  47''M,  which,  multiplied  by  the  cosine  of  the 
moon's  declination,  21°  33'  32'%  is  1606''.3.  The  other  elements 
are  taken  directly  from  the  Almanac,  and  are  as  follows : 

Elements  of  the  Eclipse. 

Conjunction  in  right  ascension,  Boston 

apparent  time,  May  26 4h.  14m.  44s.  P.M. 

R  =  radius  of  circle  of  projection  (see 

page  237) =  3259'M. 

Reduced  hourly  motion  of  moon  from  , 

sun  in  right  ascension 1606^^.3. 

Moon's  hourly  motion  from  sun  in  dec- 
lination    461''.4. 

Moon  north  of  sun 1335''.0. 

Sum  of  semi -diameters  of  sun  and 
moon 1842''.4. 

Difference  of  semi-diameters  of  sun  and 

moon 55''.4. 
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Take  AC,  equal  to  3259''',  from  any  convenient  scale  of  equal 
parts,  and  describe  the  semicircle  ADB  to  represent  the  north- 
ern half  of  the  earth's  disk,  and  draw  CD  perpendicular  to  AB 
for  the  axis  of  the  earth.  Open  the  sector  to  the  radius  AC, 
and  take  the  sine  of  20°  59'=</>'-d,  and  set  it  off  from  C  to  12, 
on  the  line  CD.  This  point  will  be  the  apparent  position  of 
Boston  at  noon.  With  the  same  radius,  take  the  sine  of  63^ 
2V=<t>'+6,  and  set  it  off  from  C  to  S,  on  the  line  CD.  The 
point  S  will  represent  the  apparent  place  of  Boston  at  midnight 
Bisect  the  line  12S  in  T,  and  through  T  draw  6,  T,  6  perpen- 
dicular to  CD.  With  the  same  opening  of  the  sector  as  before, 
take  the  cosine  of  the  latitude  of  the  place,  42°  10',  and  set  it 
off  each  way  from  T  to  6  and  6.  These  will  be  the  points 
where^  Boston  will  be  seen  at  six  o'clock  in  the  morning  and 
six  o'clock  in  the  evening.  The  apparent  path  of  Boston  across 
the  earth's  disk  must  now  be  represented  as  described  on  page 
240. 

(257.)  The  projection  of  the  parallel  of  Boston  may  be  effect- 
ed without  the  aid  of  a  sector,  by  first  computing  the  quantities 
C12,  CS,  and  T6. 

C12  =  R  sin.  (</>'- (J) =3259'M  sin.  20°  58'  43''=1167'''. 
CS=R  sin.  (</>"+ d)  =  3259'M  sin.  63°  21'  17''=2913''. 
T6=Rcos.  0'         =3259'Mcos.  42°  lO'    0''=2416''. 

These  quantities  may  now  be  set  off  from  the  same  scale  as 
AC,  without  the  aid  of  a  sector. 

Take  an  interval  equal  to  1335'^,  which  is  the  difference  of 
declinations  of  the  sun  and  moon,  and  set  it  off  on  CD  from  C 
to  Gr,  above  the  line  ACB,  because  the  moon  is  north  of  the  sun. 
Take  CO,  equal  to  1606"',  the  reduced  hourly  motion  of  the 
moon  from  the  sun  in  right  ascension,  and  set  it  on  the  line  CB, 
from  C  to  0 ;  draw  OR  perpendicular  to  CB,  and  make  it  equal 
to  461,  the  moon's  hourly  motion  from  the  sun  in  declination. 
Draw  the  line  CR,  which  represents  the  hourly  motion  of  the 
moon  from  the  sun  on  the  relative  orbit ;  and  parallel  to  this 
line  draw  the  relative  orbit  of  the  moon,  LGrN.  At  the  in- 
stant of  conjunction  in  right  ascension,  the  moon's  centre  will 
be  at  Gr. 

(258.)  Measure  the  distance  CR  on  the  scale,  and  say,  as 
60ra.  :CR::the  minutes  of  the  time  of  conjunction :  the  dia- 
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tance  from  G-  to  the  first  full  hour  point  to  the  left.    CR  is  found 
by  the  scale  to  be  1671'^ 

60m. :  1671 ::  14.7m. :  409^^ 

Take  409""  from  the  scale,  and  set  it  from  G  to  IV.  Take  the 
distance  CR,  and  set  it  from  IV,  along  the  moon's  path,  to  V, 
VI,  etc.,  and  divide  each  hour  into  ten-minute  spaces.  Take 
from  the  scale  the  sum  of  the  semi-diameters  of  the  sun  and 
moon,  and  running  the  left  foot  of  the  dividers  along  the  moon's 
path,  while  the  other  is  kept  on  the  ellipse,  notice  when  both 
stand  on  the  same  hour  space.  Subdivide  that  portion  of  the 
moon's  orbit  into  single  minute  spaces,  and  that  on  the  ellipse 
into  10  or  5  minute  spaces.  Do  the  same,  keeping  the  right 
foot  of  the  dividers  on  the  moon's  path,  and  subdivide  the  spaces 
in  like  manner.  Also,  notice  what  hour,  or  portion  of  an  hour, 
on  the  moon's  path  is  nearest  to  the  corresponding  hour  on  the 
ellipse,  and  subdivide  these  portions  in  the  same  way.  Apply- 
ing the  dividers  set  to  1842'^  we  find  that  the  feet  stand  on  cor- 
responding divisions  when  the  left  foot  on  the  moon's  path  marks 
4h.  29m.  40s.,  and  also  when  the  right  foot  marks  6h.  50m.  8ds. ; 
the  former  denoting  the  time  of  beginning,  and  the  latter  the 
time  of  ending  of  the  eclipse  at  Boston. 

Apply  one  side  of  a  small  square  to  the  moon's  path,  and 
move  it  along  until  the  other  side  cuts  the  same  hour  and  min- 
ute on  both  lines.  This  is  the  moment  of  nearest  approach  of 
centres,  which  is  at  5h.  44m.  10s.  The  distance  between  these 
corresponding  points,  measured  on  the  scale,  is  47^^^  which  is 
the  distance  of  the  centres  of  the  sun  and  moon  at  that  time. 
This  being  less  than  55^^.4,  the  difference  of  the  semi-diameters 
of  the  sun  and  moon,  shows  that  the  eclipse  at  Boston  will  be 
annular, 

(259.)  With  a  radius  equal  to  893^'',  from  the  point  5h.  44nL 
10s.  of  the  moon's  path  as  a  centre,  describe  a  circle  represent- 
ing the  moon's  disk.  With  the  corresponding  point  of  the  el- 
lipse as  a  centre,  and  a  radius  equal  to  949^^,  describe  a  second 
circle  to  represent  the  sun's  disk.  These  circles  will  exhibit  the 
phase  of  the  eclipse  at  the  moment  of  greatest  obscuration.  The 
figure  represents  the  visible  portion  of  the  sun  at  this  time  as  an 
unequal  ring,  extremely  narrow  on  its  northern  side.  With  the 
dividers  open  to  55^^  the  times  of  formation  and  rupture  of  the 
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ring  may  be  detennined  in  the  same  maimer  as  the  banning 
and  end  of  the  eclipse. 

The  results  of  the  projection  are  as  follows : 

Apparent  Time.         Mean  Time. 
k.    tn.     «.  A.    m.     9. 

Beginning  of  the  eclipse  at  Bos- 
ton, May  26,  1854 4  29  40  =  4  26  25  P.M. 

Greatest  obscuration 5  44  10  =  5  40  55 

End  of  eclipse 6  50  35  =  6  47  20 

In  a  working  projection,  for  determining  the  phases  of  an 
eclipse  for  a  particular  place,  it  is  not  necessary  to  describe  all 
the  lines  given  in  the  figure.  Thus,  in  the  present  example,  it 
was  only  necessary  to  draw  that  portion  of  the  path  of  Boston 
corresponding  to  the  three  hours  which  include  the  eclipse,  viz., 
from  4  to  7  P.M. ;  but  this  part  should  be  drawn  with  the  ut- 
most care.  So,  also,  it  is  only  necessary  to  draw  the  moon's 
path  for  the  same  hours ;  but  the  portions  corresponding  to  the 
times  of  beginning,  middle,  and  end  of  the  ectipse  should  be  sub- 
divided as  accurately  as  possible. 


Section  II. 

TO   CALCULATE  THE    BEGINNING  AND    END   OF  A  SOLAR    ECLIPSE    FOR 
A   PARTICULAR    PLACE. 

(260.)  The  method  of  projections  already  explained  will  suf- 
fice to  furnish  a  general  idea  of  the  phenomena  of  an  eclipse, 
and  also  the  approximate  times  of  the  phases  for  any  place  re- 
quired. A  more  accurate  result,  however,  is  frequently  needed. 
This  may  be  obtained  in  the  following  manner : 

Assume  any  two  convenient  times  near  the  supposed  begin- 
ning and  end  of  the  eclipse.  If  we  have  no  previous  knowledge 
of  these  phases,  we  may  assume  the  hour  before  and  the  hour 
after  the  time  of  apparent  conjunction.  The  computations  are 
most  conveniently  performed  when  the  assumed  times  are  even 
hours  of  the  meridian  for  which  the  ephemeris  is  computed. 
With  these  times  calculate  the  places  of  the  sun  and  moon,  and 
also  the  corresponding  parallaxes,  according  to  Arts.  211,  212. 
The  relative  positions  of  the  sun  and  moon  will  be  the  same,  if 
we  attribute  to  the  moon  the  effect  of  the  difference  of  the  par- 
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allaxes  of  the  two  bodies,  and  suppose  the  sun  to  remain  in  his 
true  position.  This  difference  is,  therefore,  the  relative  paral- 
lax, or  that  which  influences  the  relative  position  of  the  two 
bodies.  The  difference  between  the  equatorial  parallaxes  of  the 
sun  and  moon  must  be  multiplied  by  the  radius  of  the  earth  for 
the  place  of  observation,  in  order  to  obtain  the  parallax  of  the 
place,  Art.  210.  These  parallaxes,  applied  to  the  right  ascen- 
sions and  declinations  of  the  moon  for  the  hours  proposed,  as 
given  in  the  Nautical  Almanac,  will  furnish  its  apparent  right 
ascensions  and  declinations.  Take  the  difference  between  the 
apparent  places  of  the  moon  and  sun,  and  reduce  the  differences 
of  right  ascension  to  seconds  of  arc  of  a  great  circle.  These  ap- 
parent positions  of  the  moon  with  respect  to  the  sun  will  furnish 
its  apparent  relative  orbit ;  and  the  contact  of  limbs  will  evi- 
dently take  place  when  the  apparent  distance  of  the  centres  be- 
comes equal  to  the  sum  of  the  sun^s  semi-diameter  and  the  aug- 
mented semi-diameter-of  the  moon. 

(261.)  Let  S  represent  the  position  of  the  sun^s  centre,  which 
we  will  suppose  to  remain  at  rest  throughout  the  eclipse ;  let 
SR  and  SP  represent  the  apparent  differences  of  right  ascension 
of  the  sun  and  moon  for  the  two  selected  hours,  one  preceding 
and  the  other  following  the  apparent  conjunction,  and  RM,  PM^ 


the  differences  of  declination.     Draw  the  line  MM^  and  it  wiD 
represent  the  relative  direction  of  the  moon's  motion.     Let  SN 
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be  the  meridian  passing  through  S,  and  suppose  B  and  E  to  bo 
the  positions  of  the  moon  at  the  times  of  beginning  and  ending 
of  the  partial  eclipse.  Draw  MDH  perpendicular  to  SN,  and  SC 
perpendicular  to  BE. 

In  the  triangle  SDM,  we  have 

SD :  DM ::  rad. :  teng.  DSM. 
Also,  sm.  DSM :  DM : :  rad. :  SM. 

In  the  triangle  HMM',  HM  represents  the  hourly  motion  in 
right  ascension,  reduced  to  the  arc  of  a  great  circle,  and  HM^ 
the  hourly  motion  in  declination,  and  we  have 

HM :  HM^ ::  rad. :  tang.  HMM'  or  NSC. 
Also,  COS.  HMM^ :  rad. ::  HM :  MM^ 

which  is  the  hourly  motion  of  the  moon  in  its  relative  orbit. 
The  angle  MSC = MSD  +  DSC. 

Then,  in  the  triangle  MSC, 

rad.:SM::cos.  MSC:SC. 
In  the  triangle  BSC,  BS  represents  the  sum  of  the  radii  of  the 
sun  and  moon,  and  we  have 

BS:SC::rad.:cos.  BSC. 
The  angle  BSM  =  BSC-MSa 

Also,      •  ESM=BSC+MSC. 

Now,  in  the  triangles  BSM  and  ESM,  we  have 
sin.  SBM :  SM ::  sin.  BSM :  BM, 
and  sin.  SEM :  SM ::  sin.  ESM :  EM. 

RM 

Also,  the  time  of  describing  B'ili=,rj=^rj=-j 

MM 

T2M 
and  the  time  of  describing  EM=:rprTr-. 

MM 

The  time  of  describing  BM  being  subtracted  from  the  time 
when  the  moon's  centre  was  at  M,  will  furnish  the  instant  of 
beginning  of  the  ecUpse ;  and  the  time  of  describing  EM  being 
added  to  the  time  when  the  moon  was  at  M,  will  furnish  the  in- 
stant of  ending. 

(262.)  Ex.  1.  Required  the  time  of  the  beginning  and  ending 
of  the  solar  eclipse  of  July  28, 1851,  at  Cambridge,  latitude  42^ 
22'  48^'  N.,  longitude  4h.  44m.  30s.  W.  of  Greenwich. 

The  tune  of  new  moon,  July  28,  is  2h.  40m.  Greenwich  time ; 
but  as  the  sun  at  Cambridge  is  near  the  eastern  horizon,  the 
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effect  of  parallax  will  be  to  accelerate  the  eclipse,  and  we  will 
therefore  select  for  our  two  hours  of  computation  Ih.  and  2h. 
Greenwich  time.  For  these  times  we  take  out  the  right  ascen- 
sions and  declinations  of  the  sun  and  moon  from  the  Nautical 
Almanac.  The  moon's  equatorial  horizontal  parallax  at  Ih.  is 
6(K  28'^6 ;  the  sun's  horizontal  parallax  is  8'' A ;  difference,  6(K 
20^^.2 ;  reduction  to  the  latitude  of  Cambridge,  S^'^.S ;  making 
the  relative  horizontal  parallax  for  Cambridge  60^  14^^.7.  At 
2h.  we  find  it  to  be  60'  16^^6. 

The  moon's  hour  angle  from  the  meridian  is  equal  to  the  si- 
dereal time,  minus  the  moon's  true  right  ascension.  July  28, 
Ih.  at  Greenwich  corresponds  to  July  27,  20h.  15m.  SOs.  mean 
time  at  Cambridge,  which,  converted  into  sidereal  time  by  Art. 
159,  is  4h.  37m.  53.13s.  Subtracting  this  from  the  moon's  right 
ascension,  we  obtain  the  hour  angle,  8h.  47m.  23.50s.,  or  56<^ 
50^  52^^.5.  In  the  same  manner,  the  hour  angle  at  2h.  is  found 
to  be  42°  27'  26'M.  With  these  data  we  compute  the  paral- 
laxes in  right  ascension  and  declination  by  Arts.  211  and  212. 
The  differences  of  right  ascension  are  reduced  to  seconds  of  arc 
of  a  great  circle  by  multiplying  them  by  15  x  cosine  of  the 
moon's  apparent  declination. 

According  to  Art.  228,  the  declination  of  the  point  M  is  not 
exactly  the  same  as  that  of  D  (MD  being  supposed  to  be  a  per- 
pendicular let  fall  on  the  meridian  NS).  From  Table  XVIII. 
we  find  the  correction  to  be  added  to  the  moon's  declination  at 
Ih.,  for  a  difference  of  right  ascension  of  S7s.  is  0'^3 ;  and  at  2h., 
for  a  difference  of  right  ascension  of  Im.  18s.  is  l^'.l. 

Hence  we  obtain  the  foUowing  results : 


For  Ih.  Greenwich  Time.     [ 


For  3h.  Greenwich  Time. 


Moon's  truo  placo 

Moon's  parallax 

Moon's  apparent  place . 

Son's  place 

Difference 

Reduced  to  seconds  of  arc 


R.A. 
k.  tn. 
8  26  16.63 

2  40.24 


8  27  66.87 
8  28  84.17 


37.30 
627.5 


Dec. 

19  68    9.4  N. 
30    4.9 


R.A. 
k.  m       M. 
8  27  62.72 

2     9.61 


19  28     4.5 
19    4  60.2 


8  30     2.23 
8  28  44.00 


23  14.3      I        1   18.23 
1394.6      I        1106.7 


Dec. 

19  62  40.0  N. 
27  16.5 


19  25  24.5 
19     4_1^6.8 

21     8^7 
1269.8 


Accordingly,  we  find  SR  represents  627''^5 ;  RM,  1394^^6  ; 
PS,  1106^^7 ;  PM%  1269^^8.  The  hourly  motion  in  declination 
is  therefore  124^^.8 ;  and  that  in  right  ascension,  reduced  to  an 
arc  of  a  great  circle,  is  1634^^.2. 
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Then,  in  the  triangle  SDM,  we  have 

1394'''.6 :  527'^5 ::  1 :  tang.  20°  43^  8''=DSM. 
'  Also,  sin.  DSM :  527^^5 ::  1 :  SM=149r^0. 

In  the  triangle  HMM',  we  have 

1634^^.2 :  124^^8 ::  1 :  tang.  HMM^=4o  22^  r^ 
Also, 
COS.  HMM' :  1 ::  1634'^2 :  MM' = 1639^^0 = hourly  motion  of  the 
moon  in  its  relative  orbit. 

MSC=MSD+DSC=25o  5'  9"'. 
In  the  triangle  MSC,  we  have 

1 :  1491^'.0 ::  cos.  MSC :  SC=135(y^4. 
The  moon's  semi-diameter  is  not  the  same  for  the  beginning 
and  end  of  the  eclipse ;  but  for  a  first  approximation  we  will  sup- 
pose it  to  remain  unchanged,  and  will  compute  it  for  the  time 
Ih.  30m.,  which  we  find  to  be  16'  28'^9.  The  augmentation 
for  altitude,  Art  217,  is  ll'^S.  The  sun's  semi-diameter  is  15' 
46'^5,  making  SB  =  32'  27''.2 = 1947''.2.     Then 

1947''.2  :  1350 '.4 ::  1 :  cos.  680=46°  6'  32''. 
Therefore  BSM=2lo    0/23", 

ESM=71°  10' 41". 
Then  sin.  SBM  :  1491".0::sin.  BSM:BM  =  770".7, 

sin.  SEM :  1491".0 ::  sin.  ESM :  EM =2035".0. 
The  time  of  describing  BM=Oh.  28m.  13s. 
The  time  of  describing  EM=lh.  14m.  30s. 
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Subtracting  the  time  of  describing  BM  from  Ih.,  and  adding 
the  time  of  describing  EM  to  Ih.,  we  obtain  the  Greenwich  times 
of  beginning  and  ending ;  and,  subtracting  4h.  44m.  SOs.,  we 
obtain  the  results  in  mean  time  of  Cambridge ;  viz., 

Beginning  of  the  eclipse  at  .  .  7h.  47m.  17s.  )  Cambridge 

End  of  the  eclipse 9h.  30m.    Os.  )  mean  time. 

(263.)  Since  the  hour  angle  of  the  moon  is  subject  to  the  va- 
riation of  nearly  15°  per  hour,  the  effect  produced  by  parallax  is 
to  give  considerable  curvature  to  the  apparent  relative  orbit  of 
the  moon.  This  curvature  is  more  decided  when  the  eclipse 
takes  place  near  to  the  horizon.  Hence  the  preceding  results, 
deduced  by  supposing  the  portion  of  the  orbit  described  during 
the  eclipse  to  be  a  straight  line,  are  only  approximate.  It  is 
probable,  however,  that  they  are  correct  within  one  or  two  min- 
utes, and  this  may  be  considered  suf&cient  for  the  purposes  of 
the  observer.  If  a  more  accurate  determination  is  required,  we 
must  repeat  the  computation  for  the  times  here  obtained ;  and 
it  is  better  to  conduct  the  computations  for  the  beginning  and 
end  independently  of  each  other,  deriving  the  beginning  of  the 
eclipse  from  the  assumed  time  near  the  beginning,  and  the  end 
from  the  assumed  time  near  the  end.  For  convenience,  we  may 
omit  the  seconds,  and  repeat  the  computation  for  Oh.  32m.  and 
2h.  15m.  Greenwich  time.  For  these  times  we  look  out  the  places 
of  the  sun  and  moon  from  the  Almanac.  The  relative  horizon- 
tal parallax  at  Oh.  32m.  is  60^  14^^2 ;  at  2h.  15m.  is  60^  15^^9. 
The  moon's  hour  angle  from  the  meridian  for  Oh.  32m.,  Green- 
wich time,  is  63°  33^  48^^4 ;  for  2h.  15m.  it  is  38°  5V  M''.2, 
from  which  we  obtain  the  parallaxes  as  below.  Proceeding  as 
in  the  former  case,  we  obtain  the  following  results : 


Moon*8  true  place 

Moon's  parallax   

Moon*8  apparent  place . 

Sun's  place 

Difference 

Reduced  to  seconds  of  arc 


For  Oh.  32in.  Greenwich  Time. 

R.  A. 
A.  m.       t. 
8  24     3.76 

2  51.16 


Dec. 

20    0  40.1  N 
31  35.5 


8  26  54.92 
8  28  29.59 


1  34.67 
1338.7 


19  29 
19     5 


4.6 
6.2 


23  58.4 
1439.8 


For  2h.  I5m.  Greenwich  Time. 

iTa, 

h.  m.      a 
8  28  31.73 
2     0.43 


8  30  32.16 
8  28  46.46 


1  45.70 
1495.4 


Dec. 

19  51  16.3  N. 
26  39.4 


19  24  36.9 
19     4     7.1 


20  29.13 
1231.5 


The  motion  in  declination  for  Ih.  43m.  is  208^^.3 ;  henco  the 
motion  for  Ih.  is  121^^3 ;  and  in  right  ascension  it  is  1650^^9; 
which  values  differ  a  little  from  those  found  on  page  250. 
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Let  SB,  in  the  figure,  page  251,  represent  1338^^7 ;  and  RM 
1439^^8.     Then,  as  before,  we  shall  have 

1439^^8 :  1338^^7 ::  1 :  tang.  DSM=42o  64^  58^^ 
sin.  DSM :  1338'^7 ::  1 :  SM  =  1966'^0. 
Also,  1231^^5 :  1495^^4 ::  1 :  tang.  DSM''= 50°  31^  40"', 
sin.  DSM^ :  1495^^4 ::  1 :  SM^=1937''^2. 
165(K^9 :  12r^3 ::  1 :  tang.  HMM'=4o  12'  8^ 
cos.  HMM" :  1 ::  1650^^9 :  1655''':4= hourly  motion  in  orbit. 
,    Therefore  MSC=47o    7'    6'% 

M^SC=46o  19-^32^ 
1 :  1966^^0 ::  cos.  MSC  :  SC  =  1337^^8. 
The  moon's  semi-diameter  at  Oh.  32m.  is  16"  28'''.6 ;  the  aug- 
mentation for  altitude  is  9^".3 ;  the  sun's  semi-diameter  is  15" 
46"".5;  making  SB  =  1944"".4. 

In  the  same  manner  we  obtain  SE  =  1949"".l.     Then 
1944"'.4:1337"".8::  l:cos.  BSC=46o  31/  33//. 
Therefore  BSM=0<>  35'  33^". 

Then  sin.  SBM :  1966"".0 ::  sin.  BSM : BM=29"".6. 
The  time  of  describing  BM  =  64.3s. 
Also,  1949"M :  1337"".8 : :  1 :  cos.  ESC  =46°  39"  24^". 
Therefore  ESM"=Oo  19'  52"". 

sin.  SEM":1937"".2::sin.ESM":EM  =16"".3. 
The  time  of  describing  EM' =  35.5s. 
Hence  the 

Beginning  of  the  eclipse  is  at .  7h.  48m.  34s.  )  Cambridge 
End  of  the  ecUpse  is  at  ...  .  9h.  31m.  5s.  )  mean  time. 
(264.)  In  observing  the  beginning  of  a  solar  ecUpse,  it  is  im- 
portant for  the  accuracy  of  the  observation  that  we  should  know 
on*  what  part  of  the  sun's  limb  the  eclipse  will  begin.  This  is 
easily  found  by  means  of  the  diagram,  page  251.  The  angle 
NSB  is  the  angle  of  position  of  the  moon's  centre  from  the  north 
toward  the  west,  at  the  beginning  of  the  eclipse ;  or,  if  we  es- 
timate the  angle  of  position  from  the  north  toward  the  east,  it 
will  be  360^  — NSB.  Also,  the  angle  of  position  from  the  north 
toward  the  east,  at  the  end  of  the  eclipse,  is  NSE. 

But        NSB=CSB-CSN=46o.5-4o.2=42°.3, 
and  NSE  =  CSE4-CSN=46o.6+4o.2=50o.8. 

Hence,  at  the  beginning  of  the  eclipse,  the  angle  of  the  moon's 
centre  from  the  north  toward  the  east  is  317°.7. 
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At  the  end,  the  angle  of  the  moon's  centre  from  the  north  to- 
ward the  east  is  50°. 8. 

(265.)  The  following  fonnuleB  embody  the  preceding  princi- 
ples in  a  form  convenient  for  computation : 

Put  a;=SR=the  difference  of  apparent  right  ascension  be- 
tween the  sun  and  moon  in  arc  of  a  great  circle, 
at  an  assumed  instant ; 
y=RM=the  difference  of  apparent  declination  at  the 
same  instant,  corrected  by  Art.  228 ; 

t;=SC; 

/3=the  angle  NSM; 
t = the  angle  HMM'  =  DSC ; 
y=the  angle  BSC  =  ESC ; 
a;^=MH=the  hourly  variation  of  a;; 
y^=HM''=the  hourly  variation  of  y / 
A=BS=sum  of  the  semi-diameters  of  sun  and  moon. 


tang.i3=-. 


sin.  p    cos.  13 


tang.  t=— , 


X, 


Xy 


= hourly  motion 


cos.  L 
in  relative  orbit, 

MSC=/3+^, 

V  =  Z  cos.   {P  +  l)y 


COS.  7=—. 

A 

Angle  BSM=r-(i3+t), 

ESM=r+(/3+0» 

z 


BM=- 


EM  = 


COS.  y 

z 
COS.  y 


8in.{r-(i3H-0U 
sin.{r+(i3+0}. 


Time  of  describing  BM  = 
Time  of  describing  EM  = 


BM  cos.  I 
EM  COS.  I 

X, 


After  we  have  obtained  the  approximate  times  of  beginning 
and  ending,  if  the  greatest  accuracy  is  required,  wo  must  repeat 
the  computation,  with  separate  values  of  A  for  beginning  and 
end,  as  was  done  in  the  last  example. 

(266.)  Ex.  2.  Required  the  time  of  beginning  and  end  of  the 
solar  ecUpse  of  May  26,  1854,  at  Cambridge  Observatory. 

As  we  have  already  projected  this  eclipse,  we  shall  avail  our- 
selves of  the  approximate  knowledge  already  obtained,  and  shall 
assume  for  our  times  of  computation  9h.  10m.,  and  llh.  30m., 
Greenwich  mean  time.     For  these  times  we  take  the  places  of 
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the  sun  and  moon  from  the  Nautical  Almanac.  The  moon's 
equatorial  horizontal  parallax  at  9h.  10m.  is  54^  32'\o ;  the  sun's 
horizontal  parallax  is  8^''.5 ;  difference,  54^  24'"'.0 ;  which,  re- 
duced to  the  latitude  of  Cambridge,  becomes  54^  lO''^.!.  At 
llh.  30m.  we  find  it  to  be  54^  17'^3. 

The  sidereal  time  at  Cambridge,  corresponding  to  9h.  10m. 
Greenwich  mean  time,  is  8h.  41m.  55.21s.  Hence  the  moon's 
hour  angle  is  4h.  28m.  17.98s.,  or  67°  4'  29^^7.  The  hour  angle 
at  llh.  30m.  is  100°  57^  l'^8.  With  these  data  we  obtam  the 
parallaxes  as  below.     The  following  are  the  results : 


For  Oh.  lOm.  Greenwich  Time. 

For  llh.  30in.  Greenwich  Time. 

Moon*s  true  place 

Moon's  paral  ax  

Moon's  apparent  place  . . 
San*8  place 

R.A. 
h.  m.       ». 
4  13  37.23 

2  40.23 

Dec. 

Of" 

21  36  27.7  N. 
28  27.5 

R.A. 
*.  m.       ». 
4  18  30.09 

2  49.83 

Dec. 

o         /            // 

21  64    4.9  N 
36  60.0 

4  10  67.00 
4  13     9.83 

21     7     0.2 
21   11  22.9 

4  15  40.26 
4  13  33.46 
2     6.80 
1772.2 

21   17  14.9 
21   12  22.9 

Difference 

2  12.83 
1868.7 

4  22.7 
269.4 

4  52.0 
295.0 

Reduced  to  seconds  of  arc 

The  hourly  motion  in  declination  is  237^^.6,  and  that  in  right 
ascension  1556^^.1. 


'\ 

-^ 

f ^l 

y- 

j^ 

H 

■  ^' 

\ 

:y   \ 

V 

D 

w 

Then,  in  the  triangle  SDM,  we  have 

259".4 :  1858".7 ::  1 :  tang.  DSM=82°  3'  18", 
sin.  DSM :  1858".7 :;  1 :  SM= 1876".7. 
Also,  295".0 :  1772".2 ::  1 :  tang.  PM'S=80°  32'  57", 

sin.  PM'S :  1772".2 ::  1 :  SM'= 1796".6. 
To  avoid  confusion,  the  lines  SM,  SM'  are  omitted  from  the 
figure,  but  are  to  be  supplied  as  on  page  248. 
In  the  triangle  HMM'',  we  have 

1556."1 :  237'".6 ::  1 :  tang.  HMM'=8°  40'53  ", 
cos.  HMM' :  1 ::  1656".l :  1574".!  =the  hourly  motion  in  orbit. 


256 


Practical   Astronomt. 


<^^ 


Henoe  MSC  =  89o  15' 49^ 

M^SC  =  89o  13  50  ^ 
In  the  triangle  MSC, 

1 :  SM  =  1876^7 ::  cos.  MSC  :  SC=24^M. 
The  moon's  semi-diameter  at  9h.  10m.  is  14^  53^^5 ;  the  aug- 
mentation for  altitude  is  7''^2 ;  the  sun's  semi-diameter  is  l& 
48'^9;  making  SB =1849^^6. 

In  the  same  manner  we  obtain  SE  =  1843".5. 
In  the  triangle  BSC, 

1849^'.6:24'M ::  1  :cos.  BSC  =  89°  15'  10  ^ 
Hence  BSM=39'^ 

sin.  SBM :  SM  =  1876^^7 : :  sin.  BSM :  BM = 2T\2. 
The  time  of  describing  BM= 62.2s. 
In  the  triangle  ESC, 

1843^^5 :  24^M ::  1 :  cos.  ESC =89°  15'  V. 
Henoe  ESM'  =  r  11''. 

sin.  SEM':SM^=1796".6::sin.  ESM':EM'=47".3. 
The  time  of  describing  EM^= 108.1s. 
Henoe  the  ecUpse  begins  at.  .  4h.  26m.  32s. )  Cambridge 
"       ends     "  .  .  6h.  47m.  18s.  )  mean  time. 
At  the  beginning,  the  angle  of  the  moon's  centre  from  north 
toward  east  is  262°  4^ 

At  the  end,  the  angle  of  the  moon's  centre  from  north  toward 
east  is  80°  34^ 

(267.)  As  the  computation  thus  far  indicates  that  this  eclipse 
will  be  annuleir,  it  is  important  to  determine  precisely  the  time 
of  formation,  and  also  of  the  rupture  of  the  ring.  In  doing  this, 
wa  can  not  assume  that  the  moon's  path  from  9h.  10m.  to  llh. 
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30m.  is  a  straight  line.  By  inspecting  Table  XYL,  we  shall  see 
that  the  parallax  in  right  ascension  increases  with  the  hour 
angle  until  this  angle  becomes  six  hours ;  and  after  that  it  di- 
minishes. Now  at  the  middle  of  this  eclipse,  the  moon's  hour 
angle  is  very  nearly  6  hours ;  so  that  the  parallax  in  right  as- 
cension is  greater  for  the  middle  of  the  eclipse  than  for  either 
the  beginning  or  end.  We  must,  therefore,  make  an  independ- 
ent computation  for  a  time  near  to  the  middle  of  the  eclipse, 
which  we  will  assume  at  lOh.  20m.  G-reenwich  time. 

Proceeding  as  heretofore,  we  find  the  moon's  relative  parallax, 
reduced  to  the  latitude  of  Cambridge,  to  be  54^  18^^.2,  and  the 
moon's  hour  angle  84^  0^  47^^5,  whence  we  obtain  the  following 
results: 


For  lOh.  Mm  Onenwieh  Ttam.            | 

Moon's  trae  place 

Moon's  parallax 

Moon's  apparent  place .... 
Sun's  place 

B.A. 

4  16    3.54 
2  52.54 

Dee.  ^ 

21  44  50.5  N. 
32  34.3 

4  13  11.00 
4  13  21.64 

21  12  16.2 
21  11  52.9 

Difierence 

Reduced  to  seconds  of  arc.  . 

10.64 

148.8 

23.3 
23.3 

In  the  annexed  figure,  let  MA 
represent  a  portion  of  the  moon's 
relative  orbit  on  a  much  larger 
scale  than  the  former  figure ;  let 
SB  represent  148'^8,  and  BM 
23'^3. 

Then,  in  the  triangle  SMB, 

23^^3 :  148^^8 ::  1 :  tang.  SMB=8lo  &  V, 

sin.  SMB :  148^^8 ::  1 :  SM=150^^6. 

The  angle      MSC=SMB-ASC=72o  25'  S'\ 

1 :  SM ::  cos.  MSC :  SC=45  ^6, 

1 :  SM ::  sin.  MSC :  CM=143'^6. 

The  time  of  describing  CM=328.as. 

Hence  the  nearest  approach  of  the  centres  of  the  son  and  moon 
is  at  5h.  40m.  58.3s.  Cambridge  mean  time. 

The  semi-diameter  of  the  sun  is  15'  48''^.9 ;  the  augmented 
semi-diameter  of  the  moon  is  14'  57^^.6 ;  difference,  61'^3.  The 
least  distance  between  the  centres  of  the  sun  and  moon  is  45^^.5 
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Hence  the  eolipse  will  be  annular.     To  find  the  times  of  forma- , 
tion  and  rupture  of  the  ring,  with  S  as  a  centre,  and  a  radius 
equal  to  Sl'^^.S,  describe  an  arc,  cutting  the  moon's  path  in  the 
points  B  and  E,  which  will  represent  the  points  required. 

Then,  in  the  triangle  SCB, 

SB:l::SC:oos.  BSC=27o32^ 
1 :  SB  ::  sin.  BSC :  BC=23^^7. 

The  time  of  describing  BC= 54.2s. 

Hence  the 

Formation  of  the  ring  is  at .  .  5h.  40m.    4s. )  Cambridge 

Rupture  of  the  ring  is  at  .  .  .  5h.  41m.  52s.  )  mean  time. 

The  preceding  computations  were  all  in  type  in  1853,  but 
owing  to  the  destruction  of  the  stereotype  plates  by  fire  in  De- 
cember of  that  year,  it  became  necessary  to  re-cast  the  entire 
volume,  and  thus  its  publication  has  been  delayed  until  after 
the  occurrence  of  the  eclipse.  The  eclipse  could  not  be  observed 
at  Cambridge  on  account  of  the  interference  of  clouds.  The  in- 
stants of  first  and  last  contact  observed  at  New  York  and  Wash- 
ington differed  but  a  few  seconds  from  the  time  computed  from 
the  Tables. 


Section   HI. 

OCCULTATIONS    OF    STARS    BY    THE    MOON. 

(268.)  Occultations  of  stars  by  the  moon  may  be  computed 
in  the  same  manner  as  eclipses  of  the  sun,  the  only  difference 
in  the  operation  consisting  in  this,  that  the  star  has  neither  mo- 
tion, parallax,  nor  semi-diameter.  These  circumstances  render 
the  computation  of  an  occultation  more  simple  than  that  of  an 
eclipse. 

Ex.  1.  It  is  required  to  find  the  times  of  immersion  and 
emersion  of  a  Tauri,  Jan.  23,  1850,  at  Cambridge  Observatory, 
latitude  42°  22'  48'^  longitude  4h.  44m.  30s.  W.  of  Greenwich. 

The  Greenwich  mean  time  of  apparent  conjunction,  according 
to  the  Nautical  Almanac,  is  12h.  41m.  49s.  We  will,  therefore, 
select  12h.  and  13h.  as  the  two  hours  of  computation  for  the  first 
approximation. 

For  these  times  we  find  the  following  data : 
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For  12h.  Greenwich  Time. 

For  13h.  Greenwich  Time. 

Moon*8  true  place 

Moon's  parallax 

Moon's  apparent  place . . . 
Star'^s  place 

R.A. 
h.  m.      9. 
4  25  36.22 
47.06 

Dec. 

16  30    4.1  N. 
26  42.7 

R.A. 
k.  m.      9. 
4  28    4.53 
0.47 

Dec. 

16  86  33.2  N. 
26  13.2 

4  26  23.28 
4  27  19.54 

16    3  21.4 
16  12    3.4 

4  28     5.00 
4  27  19.64 

16  10  20.0 
16  12    3.4 

Difference 

56.26 
811.0 

8  42.0 
521.6 

45.46 
654.9 

1  43.4 
103.1 

Reduced  to  seconds  of  arc 

The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  12h.,  is  59^  W.6 ;  at  13h.  it  is  69^  46^^6.  The 
moon's  hour  angle  at  12h  is  14°  34'  4'\8  east;  at  13h.  it  is  0° 
8'  4V\5  east  of  the  meridian,  from  which  we  compute  the  par- 
allaxes as  above. 

The  hourly  motion  in  right  ascension  is  1465^^.9,  and  that  in 
deoUnation  418'''.5. 

Let  S  represent  the  position  of  the  star.  Take  SR=811'''.0, 
RM= 521^^6 ;  then  M  will  be  the  position  of  the  moon's  centre 
at  12h.  Take  SP = 654^^9,  PW = 103'M ;  then  M'  wiU  be  the 
position  of  the  moon  at  13h.,  and  MM'  is  the  moon's  relative  orbit. 


Then,  in  the  triangle  SDM,  we  have 

52r'.6 :  811''.0 ::  1 :  tang.  DSM =57^  15'  9", 
sin.  D  SM :  811".0 : :  1 :  SM = 964".3. 
In  the  triangle  HMM', 

1466".9 :  418".5 ::  1 :  tang.  HMM'  =  15o  56'  1' 
cos.  HMM' :  1 ::  1465".9 :  MM'=1524".6, 
the  hourly  motion  of  the  moon  in  its  orbit. 
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Hence  MSC=73o  ir  W. 

In  the  triangle  MSC, 

1 :  964^^3 ::  oos.  MSC :  SC=278'^9. 
The  radius  of  the  moon  at  12h.  30m.  is  978^^6 ;  the  aog- 
mentation  for  altitude  is  15^'',3;  making  BS= 993^^9. 
In  the  triangle  BSC, 

993^^9 :  278^^9 : :  1 :  oos.  BSC = 73°  42'  T\ 
Hence  BSM=     0<^  30^  57^ 

ESM=146o53a7^ 
sin.  SBM :  964^^3 ::  sin.  BSM :  BM=30'^9, 
sin.  SEM:964'^3::sin.  ESM:  EM  =  1876^8. 
The  time  of  describing  BM=lm.  13s. 
The  time  of  describing  EM=lh.  13m.  52s. 
Hence  the 

Immersion  takes  place  at .  .  .  7h.  14m.  17s. )  Cambridge 
\    Emersion  takes  place  at   .  .  .  8h.  29m.  22s.  i  mean  time. 

(269.)  As  one  of  the  times  selected  for  computation  was  very 
near  the  instant  of  immersion,  it  is  probable  that  the  preceding 
result  for  immersion  is  pretty  accurate.  For  the  sake  of  verifi- 
cation, we  will,  however,  repeat  the  entire  computation  for  12h., 
and  13h.  15m.,  Greenwich  mean  time. 
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For  12h.  GreeDwich  Time. 

For  13h.  15in.  Groenwich  Tinic. 

Moon*i  true  place 

Moon's  parallax 

Moon*8  apparent  place . . . 
Star's  place 

R.A. 
h.  m.       «. 
4  25  36.22 
47.06 

Dec. 

16  30    4.1  N. 
26  42.7 

R.A. 
h,  m       9. 
4  28  41.66 
11.31 
4  28  30.35 
4  27  19.54 

1   10.81 
1019.9 

Dec. 

16  38     9.5  N 
26  13.2 

4  26  23.28 
4  27  19.54 

16    3  21.4 
16  12    3.4 

16  11  56.3 
16  12     3  4 

Difference 

66.26 
811.0 

8  42.0 
521.6 

7  1 

Reduced  to  seconds  of  arc 

6.3 

The  moon's  horizontal  parallax,  reduced  to  the  latitude  of 
Cambridge  at  13h.  15m.,  is  59^  47^^0 ;  and  the  moon's  hour  an- 
gle is  3°  27^  38^^4  west,  from  which  we  obtain  the  parallaxes 
as  above.  The  hourly  motion  in  right  ascension  is  1464^^7,  and 
in  decimation  412^^2. 

Hence,  in  the  triangle  HMM^ 

1464^^7 :  412^^2 ::  1 :  tang.  HMM'- 15°  43^  9"% 
cos.  HMM^ :  1 ::  1464^^7 :  MM^= 1521^^6, 
the  hourly  motion  of  the  moon  in  its  orbit. 
Hence  MSC  =  72o  58^  18^ 

1 :  964^^3 ::  cos.  MfciC :  SC=282^^4. 
The  radius  of  the  moon  at  12h.  is  978'^3 ;  at  13h.  15m.  is 
979^^0.     The  augmentation  at  12h.  is  15"M ;  at  13h.  16m.  is 
16^^5.    Hence  SB = 993^^4,  and  SE = 994^^6. 

993^^4 :  282^^4 : :  1 :  cos.  BSC  =  73°  29^  6'\ 
Hence  BSM=Oo  30'  48^ 

sin.  SBM :  964^^3 ::  sin.  BSM :  BM=3(r^4. 
The  time  of  describing  BM  =  71.9s. 

&\3 :  1019^^9 ::  1 :  tang.  DSM'=89o  38'  4&% 
sin.  DSM':1019^9::  1:SM'  =  1019'^9. 
Hence  M'SC=73<^  55' 37^ 

994''.5 :  282''.4 ::  1 :  cos.  ESC  =  73°  30'  14". 
Hence  E  SM' = 0^  25'  23'', 

sin.  SEM' :  1019".9 ::  sin.  ESM' :  EM'=26".5. 
The  time  of  describing  EM' = 62.7s. 
Hence  the 

Immersion  takes  place  at  .  .  .  7h.  14m.  18s. )  Cambridge 
Emersion  takes  place  at   .  «  .  8h.  29m.  27s.  )  mean  time, 
which  results  are  almost  identical  with  those  first  obtained. 

The  angle  of  position  of  the  point  S,  referred  to  the  moon's 
centre  at  immersion,  and  measured  from  the  north  toward  east, 
is  KBS,  which  equals  DSB  or  CSB-CSD. 
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The  angle  of  position  of  the  point  S  at  emersion,  measured 
from  the  north  toward  west,  is  LES,  which  equals  DSE,  or  CSE 
4-  CSD.  But  if  the  angle  he  measured  from  north  toward  east, 
which  is  the  usual  method,  it  is  360^  — DSE. 

Hence  at  immersion  the  angle  of  position  of  the  star  is  58^ 
^from  the  north  point  of  the  moon's  limb. 

At  emersion  the  angle  of  position  of  the  star  is  271°  from  the 
north  point. 

(270.)  These  results  are  doubtless  correct  within  one  or  two 
seconds,  according  to  the  moon's  places  given  in  the  Tables ;  but 
it  is  not  to  be  supposed  that  these  times  are  absolutely  reliable 
to  this  degree  of  accuracy.  Burckhardt's  tables  of  the  moon 
frequently  exhibit  errors  of  IS''',  and  occasionally  of  30'^.  Now 
an  error  of  3C  in  the  moon's  place  would  cause  an  error  of  more 
than  one  minute  in  the  computed  time  of  occultation.  However 
accurately,  therefore,  the  computations  are  performed,  the  result 
may  be  found  erroneous  by  half  a  minute  of  time,  and  occasion- 
ally even  more  than  a  nfiinute.  For  simple  purposes  of  observa- 
tion, therefore,  there  is  little  advantage  in  making  the  computa- 
tions with  the  precision  which  is  here  attempted,  and  we  may 
generally  be  content  with  the  results  of  the  first  approximation. 
Indeed,  if  we  take  the  parallaxes  directly  from  a  table,  like 
Table  XYI.,  and  make  a  carefril  geometrical  construction  vrith 
scale  and  dividers,  we  may  generally  obtain  the  time  of  begin- 
ning and  end  of  the  occultation  within  a  minute  of  the  truth, 
which  is  quite  sufficient  to  guide  the  astronomer  in  observing  an 
immersion.  For  an  emersion,  it  is  desirable  to  know  the  time 
as  accurately  as  possible,  in  order  that  the  eye  of  the  observer 
may  not  be  fiitigued  by  too  long  watching  for  the  phenome- 
non. 

Ex.  2.  It  is  required  to  find  the  time  of  immersion  and  emer- 
sion of  y  Virginis,  January  9, 1855,  at  Washington  Observatory, 
latitude  38°  53'  39'^  N.,  longitude  5h.  8m.  lis.  W.  of  Greenwich, 
from  the  following  data : 


Jan  10,  Oh.  Or.  Mean  Time. 


Moon's  right  ascension  .  . 
Moon's  declination  .... 
Moon's  equatorial  hor.  par. 
Moon's  true  semi -diameter 


Jan.  10,  Ih.  Or.  Mean  Time. 


12h.  3dm.  12.388. 

0°    5'32".3S. 

55'  32".8 

15'  10  ".1 


12h.  37m.  2.80s. 

0°  m  36".2  S. 
65'  34".4 
15'  10".6 
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Right  ascension  of  y  Yirginis,  12h.  34m.  18.43s. ;  declination, 
0°  39'  12M  south. 

Sidereal  time  of  mean  noon  at  Washington,  January  9,  19h. 
14m.  40.33s. 

Am.  Immersion,  18h.  17m.  34s.  Washington  mean  time. 
Emersion,    19h.  36m.  45s.  "  "        " 

Angle  of  position  of  star  116^,  from  north  point  toward  east, 
at  immersion. 

Angle  of  position  of  star  322^,  from  north  point  toward  east, 
at  emersion. 


Section  IV. 
bessel's  method  of  computing  solar  eclipses. 

(271.)  Bessel  has  developed  the  complete  theory  of  eclipses  in 
the  second  volume  of  his  Astronomical  Researches.  We  propose 
to  exhibit  the  main  points  of  this  theory,  together  with  its  appli- 
cation to  the  determination  of  geographical  longitudes. 

Let  S  represent  the  centre  of  the  sun,  M  that  of  the  moon,  E 


j^.  I 


that  of  the  earth,  and  0  the  place  of  the  observer  on  the  earth's 
surface.  The  limbs  of  the  sun  and  moon  will  appear  to  be  in 
contact  when  the  point  0  is  situated  on  the  surface  of  the  cone 
which  circumscribes  these  two  bodies.  There  are  two  such  cir- 
cumscribing cones.  One  of  them,  VTV'',  has  its  vertex  at  T, 
between  the  centres  of  the  sun  and  moon ;  the  other,  V T^V^,  has 
its  vertex,  T^  in  the  prolongation  of  the  line  MS,  on  the  side  of 


the  moon  which  is  opposite  to  the  sun.  If  the  point  0  is  situa- 
ted on  the  surface  of  the  first  cone,  an  observer  at  0  will  witness 
the  external  contact  of  the  disks  of  the  sun  and  moon ;  but  if  0 
is  on  the  surface  of  the  second  cone,  the  observer  will  see  the  in- 
ternal contact  of  the  disks. 

(272.)  In  order  to  obtain  the  equation  of  this  conical  surface, 
let  us  conceive  a  system  of  three  rectangular  axes,  whose  origin 
is  at  E,  the  centre  of  the  earth.  Let  the  axis  of  z,  or  EZ,  be 
drawn  parallel  to  the  line  MS,  which  joins  the  centres  of  the  sun 
and  moon.  We  will  assume  that  the  positive  direction  of  this 
line  is  that  which  proceeds  from  the  moon  to  the  sun,  and  also 
that  the  positive  end  of  the  axis  EZ  corresponds  to  a  point  of  the 
celestial  sphere. whose  right  ascension  is  A  and  declination  D. 
Also,  we  will  suppose  that  the  axis  of  ^,  or  E  Y,  lies  in  the  plane 
which  passes  through  EZ  and  the  north  pole  of  the  equator,  and 
that  the  positive  end  of  this  axis  is  directed  toward  a  point  of 
the  celestial  sphere  whose  right  ascension  is  A,  and  whose  dec- 
lination is  90°  +  D.  The  third  axis,  or  the  axis  of  x,  is  the  line 
EX,  which  is  perpendicular  to  the  plane  of  the  hour  circle  ZE  Y, 
and  lies  in  the  equator,  at  the  distance  of  90°  from  the  intersec- 
tion of  the  equator  with  the  hour  circle  ZE  Y.  The  declination 
of  each  end  of  this  axis  will  be  zero ;  and  for  its  positive  direc- 
tion, we  will  assume  that  which  corresponds  to  a  right  ascension 
of  90° + A.  We  accordingly  assume  that,  when  referred  to  the 
centre  of  the  earth, 

Tke  coHtrdinates  "  Determine  the  pontwn 

Xj  y,  and  z,      of  the  centre,  M,  of  the  moon ; 

x<j  y^,  and  z^^     of  the  centre,  S,  of  the  sun ; 

I,    ry,  and  <,       of  the  point  0,  or  the  place  of  the  observer. 
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Also,  let  Gr=the  line  MS,  or  the  distance  from  the  moon  to 
the  sun ; 
"        /=the  angle  OTM,  or  OT'M,  which  the  axis  of  the 

cone  forms  with  its  side ; 
"        5= the  perpendicular  distance  of  the  vertex  of  the 
cone  from  the  plane  YEX. 
Since  the  axis  EZ  is  parallel  to  the  line  MS,  we  have 

3/=:Xy  ^=y,  and  z'=z+G (1) 

(273.)  If  now,  from  the  vertex  of  the  cone  T,  and  from  the 
point  0,  we  draw  the  lines  TQ,  and  OB  perpendicular  to  the 
plane  XEY ;  also  the  Unes  QL  and  BI  in  this  plane,  perpendic- 
ular to  the  axis  E Y ;  and  the  line  IR,  parallel  to  the  line  BQ, 
we  shall  have 

0B=<,  EI=^,  BI=|;  TQ,=5,  EL=y,  QL=a;; 
IL=y-^,  and  RL  =  QL- Q,R  =  Q,L-BI =a;-|. 
Draw  the  plane  NOK  parallel  to  the  plane  YEX,  an^  passing 
through  0,  the  place  of  the  observer.  In  this  plane  draw  the 
lines  ON,  OH  parallel  with  the  axes  EY  and  EX  ;  let  the  line 
MS  produced  meet  the  plane  OHN  in  K,  and  draw  KN  perpen- 
dicular to  ON.     Then  we  shall  have  

KN=RL=x-f ;  ON=IL=y-^,andOK=V^(x-|)H(y-i7)^ 
In  the  triangle  TOK,  right-angled  at  K,  we  have 

tang,/=tang.  0TK=S5;  and  TK  =  TQ-KQ=5-<. 
J.J\. 

Therefore     (x-^)H(y-^)2=(s-<')Mang.V   ....  (2) 

This  equation  corresponds  to  the  conical  surface  in  the  case 
of  an  external  contact.  A  similar  one  may  be  deduced  for  the 
conical  shadow  in  the  case  of  an  internal  contact. 

(274.)  Since  both  the  sun  and  moon  are  sensibly  spherical,  we 
may  represent  the  radius  of  the  moon  by  Ar,  and  that  of  the  sun 
by  k".  Then,  from  the  similar  triangles,  MTW  and  STY,  right- 
angled  at  W  and  Y,  we  shall  have 

ST:SV::MT:MW. 

Also,  ST+TM=G. 

And  ST.sin.  STY=SV, 

MT.sin.  MTW=MW. 

But       STV=MTW=//  ST=«^-5;  ULT^s-z. 

Consequently, 

z'—sik'V.s—zik;  and  G  sin./=A:^+A. 
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Consider  now  the  conical  surfkce  which  corresponds  to  the  in- 
ternal contact,  and  whose  vertex  is  at  T^,  Fig.  2.     In  this  case 
we  shall  have 
'rM  =  QM-QT''=;y-5;  T^=i?'-s,and  MS=T^S-T^M  =  G. 

But 
T^S .  sin.  VT^S= SV= A:^;  T^M .  sin.  WrM= MW= A. 

Consequently,  in  the  case  of  an  internal  contact,  we  shall 

have 

z'—sikfliz—sik;  and  G  sin./=&^— A*. 
Hence,  by  reduction,  we  obtain  for  an  external  contact, 

,andsin./=- 


k'  +  k  '  -^        G 

Also,  for  an  internal  contact, 

zkf-^z'k       ,    .      .    k'-k 
.=-^^,-^,andsm./=_^. 

(275.)  It  remains  to  consider  in  what  cases  the  angle  /  is 
acute,  and  when  obtuse.  For  an  observer  at  the  point  0,  on 
the  earth's  surface,  the  vertex  of  the  conical  shadow  may  be 
situated  either  on  the  same  side  of  the  heavens  as  the  eclipsing 
body,  or  on  the  opposite  side.  The  first  case  always  happens  at 
an  external  contact,  and  also  at  an  internal  contact  in  an  annu- 
lar eclipse.  The  vertex  of  the  conical  shadow  is  then  found  ei- 
ther at  T,  Fig.  1,  or  at  T^^  Fig.  3.     The  second  case  happens 

Fig.  2. 


V 

when  the  eclipse  is  total,  and  the  contact  an  internal  one ;  in 
which  case  T%  Fig.  2,  is  situated  on  the  side  of  the  observer, 
which  is  opposite  to  the  sun.  If,  then,  we  reckon  the  angle  /, 
which  the  axis  of  the  cone  forms  with  its  side,  always  in  the 
same  direction,  we  shall  have  /=OTQ,  Fig.  1,  or  /=OT^'Q, 
both  of  which  angles  are  acute;  and/=OT^Q,  Fig.  2,  which 
is  an  obtuse  angle.  Hence  we  see  that  for  an  external  contact 
the  angle  /  is  always  acute,  and  also  for  an  internal  contact  in 
annular  eclipses ;  but  for  an  internal  contact  in  total  eclipses 
this  angle  is  obtuse. 


Eclipses  of  the   Sun.  267 

(276.)  We  will  now  eliminate  s  and  tang./  from  equation  (2), 
by  employing  the  values  just  found. 

oo8.V=l-sip.''/=  ^'"if,"^*^'. 


Hence 


^   ''      OOS.V     Cr^-ilCzphf 


„     ,._,,+(,-„.  J-(?-M=2r <3, 

where  the  sign  +  belongs  to  the  external,  and  —  to  the  internal 
contacts. 
For  oonvenienoe,  let  us  put 

1= — 7 —  - — :=z  tang./:F«  sec./, 

*=^7PqFW=*'°^-^ ^'^ 

By  substituting  ^  +  G  for  z^  in  equation  (3),  we  obtain 

(x-iY+(p-vr={i-i;y (5) 

Comparing  this  equation  with  equation  (2),  we  see  that 
1=8  tang./; 
and  this  represents  the  radius  of  the  circle  formed  by  the  in- 
tersection of  the  conical  shadow  with  the  plane  which  passes 
through  the  centre  of  the  earth,  and  perpendicular  to  the  axis 
of  5r. 

(277.)  We  will  now  show  how  the  values  of  re,  f ,  y,  %  /,  t,  and 
i  may  be  computed  with  the  assistance  of  an  ephemeris.  For 
this  purpose,  conceive  a  new  system  of  rectangular  axes  inter- 
secting each  other  at  the  centre  of  the  earth.  Let  EZ,  the  new 
axis  of  z,  be  directed  toward  the  north  pole  of  the  equator ;  let 
EX,  the  new  axis  of  x,  be  situated  in  the  equator,  and  directed 
toward  a  point  of  the  heavens  whose  right  ascension,  a%  is  equal 
to  that  of  the  sun  from  the  earth.  Let  E  Y,  the  axis  of  ^,  be 
directed  toward  a  point  of  the  equator  whose  right  ascension  is 
90^  +  a%'  and  also,  let  these  directions  correspond  to  the  posi- 
tive side  of  the  co-ordinate  axes.  Let  a,  d,  and  r  represent  the 
true  right  ascension,  declination,  and  the  distance  of  the  moon's 
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centre  from  that  of  the  earth ;  and  let  a\  d\  and  R  represent 
the  same  quantities  for  the  sun's  centre,  where  r  and  R  are  sup- 
posed to  refer  to  the  same  unit  of  length. 

Let  M  represent  the  centre  of 
the  moon,  and  from  it  let  fall  upon 
the  plane  XE  Y  the  perpendicular 

MN=2:.     From  its  extremity  N,     /        \  jf 

upon  the  line  EX,  let  fall  the  per-  ^\ 
pendicular  NR = y,  and  represent 
ER  by  X. 

Then,  in  the  triangle  EMN, 
right-angled  at  N,  the  side  EM 
=  r;  MN  =  2r;  and  the  angle 
MEN,  which  represents  the  in- 
clination of  the  line  EM  to  the 
equator,  is  =d. 

Hence  EN=r  cos.  d;  and  5r=r  sin.  d. 

Also,  in  the  triangle  ENR,  right  angled  at  R,  the  angle 

NER  =  a-a^ 
Hence 

NR=y=EN  sin.  (o.—  af)—T  cos.  d  sin.  {p'—O'')  \ 
and  ER=a;=r  cos.  d  cos.  [a—a'). 

That  is,  we  find  the  co-ordinates  of  the  moon's  centre, 
parallel  to  the  new  axis  of  2,  to  be  r  sin.  d ; 

"  "  y,     "     r  COS.  d  sin.  (a— a'); 

"  "  a;,     "     r  COS.  d  COS.  (a— a'). 

In  the  same  manner,  since  the  axis  of  x  has  the  same  right 
ascension  as  the  sun's  centre,  the  co-ordinates  of  the  sun 
parallel  to  the  axis  of  z  will  be  R  sin.  d' ; 
u  u  y      "      0; 

"  "  X      "      Rcos.  d^ 

(278.)  If  we  transfer  the  origin  of  co-ordinates  to  the  centre, 
M,  of  the  moon,  so  that  the  axis  of  z  shall  be  directed  toward 
the  pole,  the  axis  of  x  toward  a  point  whose  right  ascension  is 
a^,  and  the  axis  of  y  toward  a  point  whose  right  ascension  is 
90*^ + a\  these  co-ordinate  axes  will  be  parallel  with  those  before 
mentioned,  and  we  shall  have  for  the  co-ordinates  of  the  centre 
of  the  sun  referred  to  the  moon. 


Dividing  each  equation  by  R,  and  putting  ■:^=^gy  and  ^=^, 
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parallel  to  the  new  axis  of  jzr,         G-  sin.  D ; 

"  "  y,         Goos.  D  sin.  (A-aO; 

"  "  X,         G  cos.  D  cos.  (A-aO, 

since  the  right  ascension  of  the  sun's  centre,  seen  from  that  of 
the  moon,  is  A,  its  declination  is  D,  and  its  distance  is  G  (see 
page  264). 
^     Hence  we  have 

G  sin.  D=R  sin.  6'—r  sin.  d, 
G  COS.  D  sin.  (A— a^)=  — r  cos.  6  sin.  (a—a')^ 
G  COS.  D  COS.  (A— a'')  =  R  cos.  d'—r  cos.  6  cos.  (a—a^), 

Lcn  equation  oy  Jtt,  ana  puttmg 

we  shall  have 

g  sin.  D=sin.  6'—e  sin.  d,  \ 

g  cos.  D  sin.  (A— a^)  =  — 6  cos.  6  sin.  {a—a^),  >  .  (6) 

g"  cos.  D  COS.  (A--a^)=cos.  d''— ^  cos.  6  cos.  (a— a''),  ) 
from  which  A,  D,  and  g  may  he  computed.     Dividing  the  sec- 
ond of  these  equations  by  the  third,  we  obtain 

.  , .        .V  e  cos.  6  sin.  la—a^) 

tang.  (A — a  )  = ^ r- 

cos.  d'—e  cos.  6  COS.  {a—a') 

_        c  COS.  6  sec*  (J^  sin.  (a— a^ 
~     i— e  COS.  d  sec.  6^  COS.  (a— a^' 
Dividing  the  first  equation  by  the  third,  we  obtain 
p._(sin.  d'—e  sin.  6)  cos.  (A— a'') 
^'  COS.  <J^— c  COS.  d  cos.  (a— a^)  ' 

Also,  from  equation  third, 

_cos.  6^—6  cos.  d  COS.  {a—a^) 
^  COS.  Decs.  (A— a")        ' 

In  solar  eclipses  the  value  of  A— a'  never  exceeds  a  few  sec- 
onds, and  its  cosine  differs  from  unity  by  a  fraction  which  is  in- 
appreciable in  the  first  seven  decimal  figures ;  and  therefore  the 
faustor  cos.  (A— a^),  in  the  last  two  formulas,  may  be  suppressed. 
(279.)  The  preceding  expression  for  the  value  of  D  may  be 
converted  into  an  expression  for  the  value  of  D— d^  by  omitting 
the  factor  cos.  {a—a%  which  in  a  solar  eclipse  differs  but  Uttle 
from  unity. 

By  Trig.,  Art  77,  we  have 

tang.(A-B)=J???:-^r-*^^frJ.. 
^  ^  ^     1  +  tang.Atang.  B 
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Hence 


tang.  (D-cJO  = 


sin.  <J'  — e  sin.  <J 


COS.  (5^— «  COS.  d 


-tang.  &' 


^     sin.  6'  tang,  d^— g  sin,  d  tang,  d^ 
COS.  d^— e  COS.  d 
sin.  d^— c  sin.  d— sin.  6'-\-e  cos.  d  tang.  6' 
"cos.  d''— «  COS.  d+sin.  6'  tang,  d'— 6  sin.  d  tang.  6' 
—  e  sin.  d  COS.  d'-^-e  cos.  d  sin.  6' 


That  is, 


"oos.^  d^— c  COS.  d  COS.  d^'+sin.^  d'  — e  sin.  d  sin.  d' 
-6  sin.  (d— dO 
"1— e  COS.  (d— dO' 


tang.(D-dO  = 


But  since  d—d'  is  a  small  arc,  we  may,  without  material  error, 
substitute  the  arc  for  its  sine,  and  we  may  also  use  the  arc 
D-d'  instead  of  its  tangent,  and,  neglecting  the  factor  cos.  {^-V\ 
we  obtain 


D=d' 


1-e 


In  the  same  manner,  we  obtain 

.       ,    e  cos.  d  sec.  6'  ia-'a^) 


Also, 


ff= 


l  —  e  COS.  d  sec.  d^ 
1— e  COS.  dseo.  6' 


COS.  D  sec.  6'' 

or  §• = 1 — «,  very  nearly. 

(280.)  In  order  to  compute  a;,  y,  etc.,  we  must  return  to  our 

original  system  of  co-ordinates,  page  264.     Conceive  about  the 

point  B  a  sphere  to  be  described  with  any  radius  at  pleasure, 

and  let  M  represent  the  moon's  place 
upon  this  sphere.  Let  P  represent 
the  pole  of  the  equator,  and  let  Z,  Y, 
X  represent  the  points  where  this 
_Z  sphere  is  intersected  by  the  positive 
ends  of  the  above-mentioned  axes. 
In  this  system,  the  point  P  will  lie 
in  the  plane  of  the  great  circle  ZY ; 
and  the  points  M,  Z,  Y,  and  X  will 
be  determined  respectively  by  the 
right  ascensions  and  declinations  a 
and  d,  A  and  D,  A  and  90^+©, 

90o+Aand0o. 
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The  co-ordinates  z,  y,  and  x  of  the  point  M,  in  respect  to  E, 
taken  parallel  to  the  above-mentioned  axes,  are  equal  to  the  pro- 
jections of  the  line  EM=r  on  these  axes,  or  to  the  products  of 
the  line  EM,  by  the  cosines  of  the  arcs  ZM,  YM,  and  XM.  The 
cosines  of  these  arcs  may  be  derived  from  the  spherical  triangles 
ZPM,  YPM,  and  XPM,  in  which  the  side  ZP=90o-D,  MP 
=90o-d,YP=D,XP  =  90O;  also,  the  angle  ZPM  =  A- a,  YPM 
=180o-(A-a),  and  XPM=90o+A-a. 

Hence,  by  Spherical  Trigonometry,  Art.  225,  we  obtain 
2r=:r  [sin.  D  sin.  d+cos.  D  cos.  <5  cos.  (a— A)^,  ) 
yr=:r  [cos.  D  sin.  d—sin.  D  cos.  d  cos.  (a— A)],  ^  .  .  .  (7) 
x^T  COS.  d  sin.  (a— A).  ) 

The  above  expression  for  the  value  of  y  is  subject  to  the  in- 
convenience of  furnishing  y  by  means  of  the  difference  of  two 
lai^e  numbers.  We  may,  however,  easily  transform  it  into  an- 
other which  is  free  from  this  inconvenience. 

Since  cos.  a;  =  cos.*  Jx  — sin.^  \x;  that  is,  cos.  (a— A)  = 
cos.^  i(a— A)--sin.^  i(a— A),  and  sin.*  x+cos.*  a:=l,  by  substi- 
tution and  reduction  we  obtain 

z^r  [cos.  (d-D)  COS.*  i(a-A)-cos.  (d+D)  sin.*  i(a-A)], 

y=r  [sin.  (d-D)  cos.*  i(a-A)+sin.  (d+D)  sin.*  i(a-A)]. 

(281.)  Having  thus  computed  z^  y,  and  x,  we  can  find  z*^  y\ 
and  ocf  by  the  following  expressions : 

s'=2r+G,  y'^y^  and  x'^x. 

Conceive  now  that  M  in  the  preceding  figure  no  longer  repre- 
sents the  moon's  centre,  but  the  geocentric  zenith  of  the  observ- 
er ;  the  declination  of  the  point  M  will  then  be  equal  to  <f/^  or  the 
geocentric  latitude  of  the  place  of  observation ;  and  its  right  as- 
cension will  be  equal  to  ft,  the  sidereal  time  of  the  observer  ex- 
pressed in  degrees.  If,  then,  we  represent  the  distance  of  the 
observer  from  the  centre  of  the  earth  by  p,  we  shall  obtain  the 
values  of  <,  ?;,  and  |  from  equations  (7),  by  substituting  p,  /£,  and 
if/  in  place  of  r,  a,  and  d.    We  thus  obtain 

^=p  [sin.  D  sin,  ^^+cos.  D  cos.  <p'  cos.  (ft— A)],  ) 

ri:=:p  [cos.  D  sin.  ^^— sin.  D  cos.  <(/  cos.  (/*— A)],  ?  .  .  (8) 

|=p  COS.  0'  sin.  (ft— A).  ) 

(282.)  The  unit  to  which  the  lengths  of  the  lines  r,  R,  and  p 
are  referred  is  entirely  arbitrary.  Bessel  has  chosen  for  this  unit, 
as  being  most  convenient  for  computation,  the  equatorial  radius 
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of  the  earth.  If  we  represent  the  moon's  equatorial  horizontal 
parallax  by  tt,  the  sun's  mean  horizontal  parallax  by  tt^,  and  the 
distance  from  the  centre  of  the  earth  to  that  of  the  sun  by  r^, 
expressed  as  in  the  solar  tables,  where  the  mean  distance  of  the 
earth  from  the  sun  is  considered  as  unity ;  then,  if  the  equato- 
rial radius  of  the  earth  be  taken  as  unity, 

r=-: ,  and  R=:- 


sin.  TT  sin.  tK 

Let  H  represent  the  mean  radius  of  the  sun,  or  the  apparent 
radius  of  the  sun's  disk  at  the  distance  r^=l ;  then  the  linear 
radius  of  the  sun,  or  Ar^,  the  equatorial  radius  of  the  earth  being 
taken  as  unity,  will  be  represented  by 

&'=?!BlH (9) 

sm.  tK  ^  ' 

Consequently,  for  all  eclipses  of  the  sun  we  shall  have 
1  sin.  n'  Gr .  sin.  tt^  "| 

sin.  TT*        r'sin.  tt'  r^ 


^    sin.  H±Ar  sin.  tK 
sm./=:- 


(10) 


5.tang./=/=2rtang./±Ar  sec./,     - 
where  the  sign  +  applies  to  an  external  contact,  and  —  to  an  in- 
ternal contact. 

(283.)  The  numerator  of  the  expression  for  sin. /is  constant 
for  all  ecUpses  of  the  sun.  From  the  transits  of  Venus  in  the 
years  1761  and  1769,  Encke  has  determined  7r'= 8^^5776 ;  from 
Bessel's  measurements  at  the  transit  of  Mercury  in  the  year  1832, 
H  was  determined  =959^^.788;  and  according  to  Burckhardt's 
tables  of  the  moon,  if  we  take  the  equatorial  radius  of  the  earth 
as  unity,  the  linear  radius  of  the  moon,  or  Ar,  will  be  equal  to 
0.2725.     Hence  we  have  generally 

bg.  sin.  7^=5.6189407;  ) 

log.(sin.H+A:8m.7r')=7.6688050;[  .  .  .  (11) 
log.  (sin.  H- A  sin.  tt') =7.6666896.  ) 
(284.)  Let  0  represent  the  geographical  latitude  of  a  given 
place,  0^  its  geocentric  latitude,  and  o)  the  east  longitude  of  the 
place  from  the  meridian  of  the  ephemeris  expressed  in  time. 

The  beginning  and  end  of  the  eclipse  can  nowhere  happen 
many  hours  before  or  after  the  middle  of  the  eclipse,  as  gi\en  in 
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ihe  ephemeris.  Let,  then,  T  lepiesent  the  mean  solar  time  cor- 
responding to  the  middle  of  the  eclipse  under  the  meridian  lor 
which  the  ephemeris  is  compated ;  T+w  will  be  the  correspond- 
ing mean  time  of  the  middle  under  the  meridian  of  the  given 
place.  If  we  represent  the  mean  time  of  the  beginning  or  end 
of  the  eclipse  at  the  given  place  by  T+<*»+^)  we  may  be  sure 
that  /  is  a  short  interval  of  time.  If  we  have  not  the  use  of  an 
astronomical  ephemeris,  we  may  employ  the  solar  and  lunar  ta- 
bles, and  may  assume  for  T  either  the  tinie  of  true  conjunction, 
or,  still  better,  the  time  of  .middle  of  the  eclipse  for  the  earth 
generally. 

For  the  mean  times  T^lh.,  T,  and  T+lh.,  compute  from 
the  ephemeris  the  values  of  a,  d,  and  tt  for  the  moon ;  also  a^,  c^, 
and  r'  for  the  sun.  Compute  from  equations  (6)  the  values  of 
A,  D,  and  g  ;  and  from  equations  (7)  the  values  of  z^  y^  and  x. 
Also,  compute  the  values  of  /  and  log.  %  from  equations  (4)  and 
(10).  Since  the  values  of  /  and  log.  i  change  but  slowly,  when 
only  an  approximate  computation  is  required,  we  may  assume 
that  these  quantities  remain  constant  throughout  the  entire  du- 
ration of  the  eclipse. 

(285.)  We  will  now  assume  that  for  the  mean  times  T— Ih. 
and  T+lh.,  under  the  meridian  of  the  ephemeris,  the  co-ordi- 
nates x^  y^  and  z  have  the  values 

P—P^  Q-Q"^  b-b",  BLudp+j/f  q+q"  b+l/; 
which  values  will  be  general  for  all  parts  of  the  earth.  But  for 
the  given  place  we  must  also  compute  the  sidereal  times  which, 
under  the  meridian  of  the  place,  correspond  to  the  instants  when 
the  mean  times  T—  Ih.  and  T+lh.  occurred  under  the  meridian 
of  the  ephemeris.  We  then  compute  from  equations  (8)  the 
values  of  the  co-ordinates  |,  97,  and  <  for  the  given  place ;  and  we 
will  assume  that  these  co-ordinates  for  the  two  instants  above 
mentioned  are 

u—u'y  V— v',  W'-ti/f  and  u+u%  v+v%  w+u/. 

We  may  now  assume  approximately  that  at  the  time  T,  un- 
der the  meridian  of  the  ephemeris,  the  values  of  a;,  ^,  2r,  |,  97,  and 
<  are  equal  to  pj  9,  b,  Uy  v,  and  to,  and  that  the  hourly  varia- 
tions of  these  values  are  represented  by  j/,  ^,  ft^,  «^,  v\  and  to^; 
also  that,  during  a  moderate  interval  of  time,  the  change  of  the 
preceding  values  is  proportional  to  the  time.    We  shall  there- 

S 
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fore  find  approximately  for  the  mean  time  T+^,  under  the  me- 
ridian of  the  ephemeris, 

x-p+p't;  y—q+q't;  z—b+b't; 
^=u+u't;  fj=zv+v't;  (=:tc+ta't; 
where  t  is  expressed  in  hoars  and  fractions  of  an  hour. 
Substituting  these  values  in  equation  (5),  we  obtain 

(286.)  In  order  to  facilitate  the  computation,  we  will  assume 
p—uzzzm  sin.  M ;  //—«'=»  sin.  N,  J 
^— t?=i»  COS.  M;  41^— 1;''=»  COS.  N,  >  .  .  .  (12) 

where  m  and  n  are  always  to  be  considered  positive.  Substi- 
tuting these  values,  we  obtain 

{m  sin.  TA+nt  sin.  lif+{m  cos.  tl+tU  cos.  N)*=L^ 
By  expanding  this  equation,  we  obtain 

m^  sin.^  'il+2mnt  sin.  M  sin.  Ji+n^t^  sin.^  N  )  _t  , 
+m^  COS.2  'HL+Zmnt  cos.  M  cos.  N+«V  cos.^  N  )  ""     ' 
But  since  sin.^  +cos.^=l,  we  have 

m^+2mnt  cos.  (M-N)+«2/^=LS 
or 

i»*sin.2(M-N)+m'cos.«(M~N)+2m«^cos.(M-.N)+«2/3=L*; 
that  is,    m'  sin.^  (M-N)  +  [w  cos.  (M-N)+«q'=L^ 
Let  us  assume 

m  sin.  (M— N)            ,  .^o. 
j ^=8m.  ^ (13) 

then,  if  an  eclipse  actually  takes  place,  it  will  always  be  possi* 
ble  to  compute  the  angle  tp.  Substituting  sin.  '0  in  the  last  equa- 
tion but  one,  we  have 

U  sin.2  xl)+[m  COS.  (M-N)+n^p=L^ 
or       [m  COS.  (M-N)+«^p=L2(l-sin.2  V')  =  L*  cos.^  i^- 
Extracting  the  square  root, 

OTCos.  (M— N)+«/==fcL  COS.  -0, 

.        w  COS.  (M— N)^L  COS. -0 

or  t=: ^ -± ^, 

n  n 

where  the  unit  to  which  t  refers  is  the  mean  solar  hour. 

It  is  obvious  that  the  greater  of  the  two  values  of  /,  under- 
stood in  a  positive  sense,  must  correspond  to  the  end  of  the 
eclipse,  and  the  least  of  the  two  to  the  beginning.    Assuming 
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the  angle  -0  to  be  taken  in  either  the  first  or  fourth  quadrant, 
we  find  for  the  given  place,  in  mean  time  of  the  place, 

/      ^j,  T 

Beginning  of  the  eclipse  at     T+6) cos.  (M— N) cos.  V^, 

ft  u 

End  "  "  T+o)--  cos.  (M-N)+-  cos.  t/;, 

n  n 

where  we  may  employ  the  value  of  I  instead  of  L  without  ma- 
terial error. 

(287.)  The  hourly  variations  of  ^  and  rj  may  be  found  by  dif- 
ferentiating the  values  of  f  and  fi  in  equations  (8).  We  thus 
obtain 

— -p  COS.  <p    COS.  (/i— Aj -^ , 

^=  -p  sm.  <!>'  sm.  D^-p  cos.  0"  cos.  D  cos.  (/*- A)— 

+p  COS.  0^  sin.  D  sin.  {fi—A)  ^^Z, — , 
or 
^=|sin.D^(fi:i^-^^. 

The  unit  of  time  is  here  taken  at  one  hour,  and  the  above 
values  must  be  expressed  in  parts  of  radius. 

(288.)  In  order  to  determine  on  what  point  of  the  sun's  disk 
the  first  and  last  contacts  will  take  place,  conceive  a  line  which 
passes  through  the  place  of  the  observer,  parallel  to  the  line 
which  joins  the  centres  of  the  sun  and  moon,  and  directed  to- 
ward' the  positive  side  of  the  axis  of  z  ;  the  plane  which  passes 
through  this  line,  and  is  parallel  to  the  axis  of  p  (see  figure,  page 
263),  makes,  with  the  plane  which  passes  through  the  former 
line  and  the  apparent  place  of  the  moon,  the  angle  EON,  whose 

tangent  is  prj^= Represent  this  angle  by  Q.     Since  the 

sun  is  at  a  great  distance  from  the  earth  and  moon,  the  line 
which  joins  the  centres  of  the  sun  and  moon  at  the  time  of  an 
ecUpse  forms  a  very  small  angle  with  that  which  passes  through 
the  place  of  the  observer  and  the  sun.  We  may  therefore  as- 
sume that  the  angle  Q  is  the  same  as  that  which  is  formed  at 
the  sun's  centre  by  the  hour  circle  of  the  sun,  and  that  circle 
which  passes  through  the  sun's  centre  and  the  point  of  the  sun's 


276  Fractioal  Astronomy. 

limb  where  the  first  or  last  contact  takes  place.    Consequently, 
we  shall  have 

tang.  Q=^ 

But  z-^=p-u+(p'-'U')t 

=m  sm.  M+n^  sin.  N,  by  equation  12. 
Also,  «<=--«»  COS.  (M—N)qFL  cos.  V». 

Hence 

a;— f =m  sin.  Jt—m  sin.  N  cos.  (Jtt— N)=f:L  oos.  ^  sin.  N. 
But 
sin  M— sin.  N  cos.  (M  — N)  = 

=sin.  M— sin.  N  cos.  M  cos.  N— sin.  N  sin.  M  sin.  N 
=sin.  M(l— sin.^  N)— sin.  N  cos.  M  cos.  N 
=sin.  M  COS.  N  cos.  N— sin.  N  cos.  M  cos.  N 
=cos.  N  sin.  (M-N). 
That  is, 

re— f=w  sin.  (M— N)  cos.  Ni^L  cos.  -0  sin.  N. 
But  j^^msin.(M-N) 

sin.  '^ 
Hence 

m  sin.  (M— N)cos.  N  sin. -i^qp^  cos.'^8in.Nsin.(M— N) 

sm.  ^ 

7H  sin.  (M— N)  (         -M   •      I      •     AT  ,} 

= :-^ ^  {  COS.  N  sin.  t/^qpsin.  N  cos.  -0  j 

sm. -0         (  ) 

=  =fL  sin.  (Nif^). 

In  the  same  manner,  we  find 

y— »y==FL  COS.  (H^rp). 

Hence,  for  the  first  contact, 

x-|=-L  sin.  (N-'0)=L  sin.  (N+180o-V^), 

y-f/=-L  cos.  (N-t/^)=:L  cos.  (N+lSOo-V)' 

and  for  the  last  contact, 

a;-f=L  sin.  (N+V'), 

y— iy=L  COS.  (N+V*). 

That  is,  for  the  first  contact, 

tang.  Q,=tang.  (N  +  180o-V>), 

or  Q=N+180o-V; 

and  for  the  last  contact, 

tang.  Q=tang.  (N+V^), 
or  (i=N+V'. 
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(289.)  The  angle  Q  is  meieisared  on  the  sun's  limb,  from  his 
north  point  by  the  east,  from  0^  to  360°.  If  we  conceive  an 
hour  circle  drawn  through  the  sun's  centre,  Q,  will  represent  the 
angle  comprehended  between  the  intersection  of  this  hour  circle 
with  the  sun's  disk  and  the  point  of  first  or  last  contact  If  the 
observer  has  an  equatorial  telescope,  he  may  easily  determine 
the  north  point  of  the  sun's  disk  by  the  method  explained  in  Art. 
42.  If  the  telescope  is  not  eqnatorially  mounted,  we  must  refer 
the  points  of  first  and  last  contact  to  the  vertex  of  the  sun's  disk ; 
for  which  purpose  we  must  compute  the  angle  P,  which  ia  form- 
ed at  the  sun's  centre  by  an  hour  circle  and  a  vertical  circle,  as 
explained  in  Art.  145.  The  north  point  of  the  sun's  disk  will  be 
situated  to  the  right  of  the  vertex  if  the  sun  is  west  of  the  me- 
ridian, but  on  the  left  of  the  vertex  if  it  is  east  of  the  meridian. 

(290.)  The  following  is  a  recapitulation  of  the  formulee  em- 
ployed in  this  computation : 

Let  T  represent  a  convenient  assumed  time  near  to  the  time 
of  conjunction.     Take  from  the  ephemeris,  for  two  or  three  full 
hours  preceding  and  following  T,  the  following  quantities : 
a=the  moon's  right  ascension,      a^=the  sun's  right  ascension, 
d=the  moon's  declination,  d^=the  sun's  declination, 

7r=the  moon's  equ.  hor.  parallax,  r^=the  earth's  radius  vector. 

Then  compute  the  following  quantities : 

sin.8^^5776  1 


e=- 


T*  sin.  TT  sm.  tt 

log.  sin.  8'^5776=5.6189407, 
A       .    e  COS.  dsec.  d^(a— aO 
1— e  COS.  dsec.  6' 

_1— c  COS.  dsec.  d' 

^""     COS.  D  sec.  d'     ' 

a:=r  cos.  d  sin.  (a— A), 

y=r  sin.  (d— D)  cos-^i  (a— A)+r  sin.  (d+D)  sin.^i  (a— A), 

z-r  COS. (d-D)  cos.^  (a-A)-r  cos. (d+D)sin.*i  (a- A), 

.     -    7.6688050,-  *       i       *    *x 

8m./= (for  an  external  contact). 

.     .    7.6666896,.         .  ^       ,       .     .v 
sm.f=z -J (for  an  mtemal  contact). 
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t=tang./, 
A:=0.272o, 
l=z  tang,  f^k  sec./. 
Compute,  also,  the  following  quantities  for  the  given  place, 
where 

1  jLt=the  sidereal  time  of  the  place  of  observation ; 
/i'=the  same  for  the  meridian  of  the  ephemeris; 
a)=the  longitude  of  the  place  of  observation ;  east  longitudes 

being  considered  positive,  west  longitudes  negative ; 
^^=the  geocentric  latitude  of  the  place  of  observation ; 
p=the  earth's  radius  for  the  place  of  observation. 
|=p  cos.  <l>'  sin.  (/z— A), 

7f=p  sin.  (p^  COS.  D— p  cos.  0'  sin.  D  cos.  (/z— A), 
^=p  sin.  <t>'  sin.  D+p  cos.  ^^  cos.  D  cos.  (/i— A), 
d^=p  COS.  0^  COS.  (]u— A)  rf(/z— A), 
d»7=f  sin.  D  rf(/i-A)-^rfD, 
m  sin.  M=x— f, 
m  COS.  M=y— 17, 
»  sin.  N=a;^--6if, 
ncos.  N=y^— rfiy, 

a:'=the  hourly  variation  of  re, 
i/^=ihe  hourly  variation  of  y. 
m  and  n  are  always  positive. 

sin.  -0= ,:-  sin.  (M— N). 
if)  must  be  taken  in  the  first  or  fourth  quadrant 

•m  T 

For  beginning  of  eclipse,   ^,  = cos.  (M — N) cos.  tb. 

n  n 

For  end  of  eclipse,  ^,= cos.  (M— N)H —  cos.  rb, 

ft  n 

Time  of  beginning  of  eclipse,  =1+0+^,. 

Time  of  end  of  eclipse,  =  T + w + ^j. 

Angle  from  north  point  for  beginning,  =180o+N— -0=0,,. 
Angle  from  north  point  for  end,  =  N + ^ = Q,. 

Angle  from  vertex,  =:Q+P=V. 

(291.)  Example.  It  is  required  to  compute  the  time  of  begin- 
ning and  end  of  the  solar  eclipse  of  July  28, 1851,  for  Cambridge 
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Observatory,  latitude  42<^  22'  48'^  north,  longitude  4h.  44ni.  SOs. 
west  of  Grreenwioh. 

The  right  ascension  and  declination  of  the  moon  are  computed 
for  the  Nautical  Almanac  for  each  noon  and  midnight,  exam- 
ined by  means  of  differences  to  the  fourth  order,  and  interpolated 
for  every  hour.  The  following  places  of  the  moon  for  several 
hours  before  and  after  conjunction  have  been  interpolated  from 
the  computed  places  in  the  Nautical  Almanac,  regard  being  had 
to  differences  of  the  fifth  order.  The  places  of  the  sun  have  also 
been  carefully  interpolated. 

For  the  Moon. 


Oneawieli  maui  Sotar 
Tim.. 

a-R.  A. 

J-Dm. 

vaPwallax. 

July  28,  0 

125  40    6.75 

20    3  30.00 

60  27.600 

"        1 

126  19    9.41 

19  58    9.36 

60  28.710 

2 

126  68  10.80 

19  52  39.98 

60  29.794 

3 

127  37  10.82 

19  47    1.91 

60  30.851 

4 

128  16    9.37 

19  41  15.20 

60  31.880 

"        5 

128  55    6.36 

19  35  19.88 

60  32.882 

For  the  Sun. 


Breonwiehian 
Solar  Time. 


a'-R.A. 


^'«De6. 


Log.  K^Log. 
Distance. 


Time, 


Graenwieh  Sider. 
redaced  to  Are. 


July  28,  0 
1 
2 
3 
4 
5 


127 
127 
127 
127 
127 
127 


6  5.25 
8  32.63 
10  59.99 
13  27.34 
15  54.67 
18  21.99 


19 


700 


5  24. 
4  50.23 
4  15.74 
3  41.21 
3  6.64 
2  32.04 


).0065782 
65761 
65739 
65718 
65697 
65675 


125  33  19.05 
140  35  46.90 
155  38  14.74 
170  40  42.59 
185  43  10.44 
200  45  38.29 
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A  portion  of  the  labor  of  the  preoeding  computation  may  be 
saved  by  the  use  of  a  table  by  Zech,  which  furnishes  the  loga« 
rithm  of  the  sum,  or  difference  of  two  numbers  which  are  known 
only  by  their  logarithms.  This  table  is  contained  in  Hiilsse'a 
Sammlung  mathematischer  Tafeln.     Leipzig,  1849. 

The  following  are  the  results  for  x,  y^  and  z : 


Hour. 

X 

X' 

Diff.  1    y 

y 

Diir. 

Log.  z      1  Diff. 

0 

-1.338789 

+  669487 

+  .968508 

-.083013 

1.7546447 

421 

1 

-0.769303 

+.669544 

+  57 

+  .885495 

-.083379 

-366 

1.7546026 

832 

S 

-0.19975S 

+  .569543 

-   1 

+.803116 

-.083730 

-361 

1.7546194 

1242 

3 

+0.369786 

+.569483 

-  60 

+  .718386 

-.084073 

-34J 

1.7643952 

16.57 

4 

+0.939368 

+  .56936f 

-116 

+  .63431S 

-.0844K' 

-340' 

1.7542295 

2068 

5 

+  1.508633 

+  .54990C 

1 

1.7540227 

(292.)  The  preceding  quantities  are  independent  of  geograph- 
ical position,  and  serve  not  only  for  calculating  the  times  of  be- 
ginning, etc.,  of  the  eclipse  for  any  place  at  which  it  may  be 
visible,  but  also  for  the  calculations  requisite  to  determine  the 
longitude  of  a  place  from  the  observed  time  of  beginning  and  end. 

Computation  of  the  beginning'  and  end  of  the  Eclipse  for 

Cambridge^  by  Formulce,  page  278. 

a)=-7P  7'  3(y';  ^^=420  ir  2rM;  log.  p=9.9993429. 

For  a  first  approximation  we  vnW  assume  T=2h.  G-reenwich 

time. 

^'=     1550  38'  15" 

u=_  71°    7' 30" 


fi=(/+u=       84°  SC  45" 

A=     127°  11'    2" 

/»-A=-  42°  40' 17" 

p= 9.999343 
00s.  ^'=9.869778 
sin.  (/t-A)=9.831097» 
|=-.60144=9.700218» 

p=:9.999343 

sin.  ^'=9.827098 

D=19°  4'  9"  008. =9.975489 

.63377=9.801930 


p  COS.  0'= 9.869121 

sin.  D= 9.514161 

008.  0«- A) =9.866437 

.17771=9.249719 

jj= +.45606 

p  sm.  0'=9.826441 

sin.  D= 9.514161 

.21908=9.340602 

p  COS.  ^'=9.869121 

COS.  D= 9.975489 

COS.  Qi- A) =9.866437 

.51410=9.711047 

<= +.73318 
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The  hourly  variation  of ;»— A, 
that  is, 

rf(/«-A)  =  15oO'5".6, 
whidi,  in  parts  of  radios,  is 
.2618266. 

p  COS.  ^'=9.869121 
008.0*- A) =9.866437 
rfO*-A)=9418014 
(i?= +.14242=9.153572 
log.  |=9.700218» 
sin.D=9.514161 
rfOt-A)= 9.418014 
-. 04289 =8.632393» 
<n)=_33".8, 
which,  in  parts  of  radius,  is 
.0001638. 

log.  <= 9.8652 
(fl)=6.2143» 
-. 00012 =6.0795» 
rfij= -.04277 

a;  =-.19976 

g= -.50144 

«-!= +.30168 

y=  .80212 

,=  .45606 

y-ij=  .34606 

log.  (x-|)=9.479546 

log.  (y-»;)=9.539151 

tang.  11=9.940395 

M=4lo4'50" 

log.  (a:-|)=9.479546 

sin.  M= 9.817644 

j»= 9.661902 


ar'= +.56964 
rfg= +.14242 
a'_d^= +.42712 
j^= -.08355 
rf»?= -.04277 
y-rf,= -.04078 
log.  (a;'-rf|)= 9.630560 
log.  (V-rf^)=8.610447» 
tang.N=1.020103« 
N=95°  27'  14" 

log.  («'-«^)= 9.630550 

sin.  N= 9.998029 

n= 9.632521 

log.  f=  9.8662 
t=7.6632 
»•<=. 00338 =7.5284 
/=. 53418 
L=. 53080 

M=  41°    4' 50" 

N=  95°  27'  14" 

M-N=305o  37  36" 

sin.  (M-N)=9.910000» 

m=9.661902 

L  oomp.= 0.276069 

sin.  V=9.846971» 

V.=315ol9'47" 

008.  (M-N)= 9.765297 

m= 9.661902 

comp.  »= 0.367479 

+.62327=9.794678 

008.  V=9.851970 

L  =9.724931 

comp.  »=0.367479 

+.87979=9.944380 
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Hence         ^i=-1.50306h.;  ^,=  +0.25662h. 

Beginning =T+^i=0.49694h.  Greenwich  time, 

End =T+^,=2.25652h.         "  " 

which  are  only  to  be  considered  as  approximate  values. 

For  a  second  approximation  we  will  assume  0.5h.  for  the  be- 
ginning, and  2.25h.  for  the  end. 


1     BegiDnlng. 

End. 

T 

0.6h.  Gr.  m.  t 

2.25h.  Gr.  m.  t. 

/*' 

l33  4  32l97 

159  23  5i.7 

(■> 

-  71  7  30. 

-  71  7  30. 

/*=/*'+<«> 

61  57  2.97 

88  16  21.7 

A 

127  7  28.36 

127  11  37.34 

,*-A 

-  66  10  25.39 

-  38  66  15.64 

D 

19  4  59.66 

19  4  0.60 

p  COS.  0' 

9.8691208 

9.8691208 

sin.  (/«— A) 

9.9578873« 

9.7981314» 

log.l 

9.8270081« 

9.6672622« 

1 

-.671441 

-.464785 

pain.  0' 

9.8264412 

9.8264412 

OOS.D 

9.9754523 

9.9754963 

log.  p  sin.  <f/  008.  B 

9.8018935 

9.8019365 

poos.  ^' 

9.8691208 

9.8691208 

sin.  D 

9.6144700 

9.5141097 

COS.  (/*— A) 

9.6231132 

9.8909867 

log.  p  COS.  0'  sin.  D  cos.  (/*— A) 

9.0067040 

9.2742172 

p  sin.  ^'  008.  D 

.633714 

.633777 

p  COS.  0'  sin.  D  COS.  (/*— A) 

.101566 

.188026 

»/ 

+.532158 

+  .445751 

p  sin.  <i>' 

9.8264412 

9.8264412 

sin.  D 

9.6144700 

9.6141097 

log.  p  sin.  0'  sin.  D 

9.3409112 

9.3406509 

p  COS.  0' 

9.8691208 

9.8691208 

COS.  D 

9.9764523 

9.9754953 

COS.  (/*— A) 

9.6231132 

9.8909867 

log.  p  COS.  ^'  COS.  D  COS.  (/i— A) 

9.4676863 

9.7356028 

p  sin.  <!>'  sin.  0 

.219236 

.219054 

p  008.  0'  COS.  D  COS.  (ju— A) 

.293563 

.544005 

^ 

+.612789 

+.763059 

p  COS.  0' 

9.8691208 

9.8691208 

009.  {ft— A) 

9.6231132 

9.8'J09867 

d{ii-A) 

9.4180136 

9.'!ld0136 

iog.di 

8.9102476 

9.1781211 

« 

+.081329 

+  .150703 
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JBcginning. 

End. 

log.l 

9.8270081« 

9.6672522» 

sin.  D 

9.5144700 

9.5141097 

rfO*-A) 

9.4180136 

9.4180136 

log.  1  sin.  DrfO*-A) 

8.7694917» 

8.69937d5» 

log.< 

9.7099 

9.8826 

dD 

6.2143» 

6.2143» 

log.  <«n) 

5.9242« 

6.0969» 

^  sin.  Drf(/«-A) 

-  .057477 

-  .039754 

<dD 

-  .000084 

-  .000125 

dr, 

-  .057393 

-  .039629 

X 

-1.054056 

-0.067375 

1 

-0.671441 

-0.464785 

a-l 

-0.382615 

+0.407410 

y 

+0.927049 

+0.781216 

V 

+0.532158 

+0.445751 

y-n 

+0.394891 

+0.335465 

log.  (a:-^) 

9.5827620W 

9.6100317 

log.  {y-ri) 

9.6964772 

9.5256472 

tang.  M 

9.9862848» 

0.0843845 

M 

315°  54'  16".4 

50°  31'  54".0 

log.  (a;-|) 

9.5827620» 

9.6100317 

nin.  M 

9.8425192» 

9.8876038 

m 

9.7402428 

9.7224279 

3/ 

+0.569487 

+0.569543 

di 

+0.081329 

+0.150703 

sf-di 

+0.488158 

+0.418840 

y' 

-0.083013 

-0.083643 

dfi 

-0.057393 

-0.039629 

y'-d*t 

-0.025620 

-0.044014 

log.  (z'-rff) 

9.6885604 

9.6220482 

log.  {y'-Sri) 

8.4085791» 

8.6435908» 

tang.  N 

1.2799813» 

0.9784574« 

N 

93°  0'  16".5 

95°  69'  66"5 

log.  (a;'-rff) 

9.6885604 

9.6220482 

8in.  N 

9.9994027 

9.9976162 

n 

9.6891577 

9.6244330 

log.< 

9.70994 

9.88266 

t 

7.66324 

7.66325 

log.  t< 

7.37318 

7.64581 

«■< 

.002361 

.003514 

Z 

.534242 

.634162 

L=/-»^ 

.631881 

.530648 

M-N 

822°  54'  0".9 

314°  31'  67".8 
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' 

Begtaninf. 

End. 

sin.  (M-N) 

9.8329711« 

9.8529982n 

m 

9.7402429 

9.7224279 

oomp.  L 

0.2741855 

0.2751934 

sin.  '^ 

9.8473994f» 

9.8506195» 

i» 

3150  16'  26".8 

314°  50'  59".8 

COS.  (M-N) 

9.8648313n 

9.8459141 

m 

9.7402428 

9.7224279 

oomp.  n 

0.3108423 

0.3755670 

9.9159164» 

9.9439090 

-.828979 

+  .878838 

oos.  ^ 

9.8515508 

9.8483445 

L 

9.7258145 

9.7248066 

oomp.  ft 

0.3108423 

0.3755670 

9.8882076 

9.9487181 

+.773050 

+  .888624 

t 

+.050929 

+.009786 

Beginning  of  BcUiM. 

EndoTEclipae 

T+< 

0.550929L, 

2J259786h., 

or 

or 

Greenwich  mean  time 

Oh.  33m.  3.38. 

2h.  15m.  35.28. 

G) 

4h.  44m.  30s., 

4h.  44m.  308., 

or 

or 

Cambridge  mean  time 

Th.  48m.  33.38. 

9h.  31m.  5.28. 

N 

930    0' 

96«>    0' 

V' 

3150  16' 

314°  51' 

ft 

180o+N-^ 

N+V 

=317°  44' 

=50°  51' 

These  lesults  agree  well  withi  ihoae  fomid  on  page  253. 

(293.)  We  may  obtain  a  oheck  upon  the  aocuraoy  of  our  com- 
putations in  the  following  mamier : 
Equation  (5),  page  267,  is 

all  the  quantities  being  supposed  to  be  computed  for  the  instant 
of  first  or  last  contact  of  the  limbs  of  the  sun  and  moon.  If 
these  quantities  have  been  computed  fiir  a  time,  T,  which  differs 
from  the  instant  of  contact  by  a  small  interval,  t^  they  may  be 
reduced  to  the  instant  of  contact  by  means  of  the  quantities  a/, 
y^,  di^  and  d^^  which  represent  the  hourly  variations  of  Xy  y^  if 
and  17.    In  this  case  we  shall  have 

lx^i+{x^^di)t}^+  {tf^ri+{t^^dTi)t]^==h\ 

T  j 


290  Practical  Astronomy. 

Thus,  in  the  preceding  example,  for  the  beginning  of  the 
eoUpse,  ^=+.050929. 

x~|= -0.382615 
{a/ -dS)t= +0,024861 

Sum=  -0.357754,  whose  square  is  .127988. 
Also,  y-iy= +0.394891 

(y^-rf^)/= -0.001305 

Sum=  +0.393586,  whose  square  is  .154910. 
The  sum  of  these  two  squares  is  .282898,  which  is  the  square 
of  .531881,  the  value  of  L. 

For  the  end  of  the  eclipse,  t=  +  .009786. 
a;-f= +0.407410 
{a/ --di)t= +0.004099 

Sum=  +0.411509,  whose  square  is  .169340. 
Also,  y-iy= +0.335465 

(y^-rfiy)/= -0.000431 

Sum=     0.335034,  whose  square  is  .112248. 
The  sum  of  these  two  squares  is  .281588,  which  is  the  square 
of  .530648,  the  value  of  L. 

(294.)  When  the  highest  accuracy  is  not  required,  the  labor 
of  the  preceding  computations  may  be  diminished  by  substitu- 
ting approximate  formulae  for  some  of  those  here  used.  The 
expressions  for  A,  D,  and  g*,  given  on  page  277,  may  be  simpli^ 
fied  without  greatly  diminishing  their  accuracy.  Since  e  is  aU 
ways  a  small  quantity,  the  denominators  of  the  expressions  fof 
A  and  D  are  nearly  equal  to  unity,  and  may  be  omitted.  More- 
over, at  the  time  of  an  eclipse,  d^  d\  and  D  are  very  nearly  equal 
to  each  other ;  hence  the  following  expressions  will  afford  a  good 
i^proximation  to  the  values  of  A,  D,  and  g, 
A=a^— c(a— a'), 

D=d'-e((J-dO, 
g=l-e. 

These  formulae  will  famish  the  values  of  A  and  D  within  a 
small  fraction  of  a  second. 

For  the  remaining  computations  we  must  proceed  according 
to  the  formulae  on  pages  277-8. 
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Section   V. 

BESSEL's    method    of    computing    0CCULTATI0N8    OF    STARS. 

(295.)  The  formulas  required  for  the  computation  of  ooculta- 
tions  of  stars  by  the  moon  are  easily  deduced  from  those  ahready 
given  for  solar  eclipses,  since  the  distance  of  the  fixed  stars  is 
such  that  they  have  no  diurnal  parallax,  and  the  rays  of  light 
which  emanate  from  them  and  touch  the  moon's  disk  may  be 
considered  as  forming  the  surface  of  a  cylinder.  Hence,  for  oc- 
cultations,  the  quantities /and  t,  as  well  as  jJie  horizontal  par- 
allax of  the  star,  become  each  equal  to  zero ;  also,  a^= A,  <J^=D, 
and  /= Ar.  It  is  unnecessary  to  compute  either  z  or  ^.  Since  A, 
the  right  ascension  of  the  star,  is  invariable,  rf(/i— A)  becomes  d\L, 
But  the  variation  of  /i  in  one  solar  hour  is  Ih.  Om.  9.8565s.,  or 
15°  2^  27^^85,  which,  in  parts  of  radius,  is  .2625162,  whose  log- 
arithm  is  9.4191561.  For  a  solar  eclipse,  the  angle  Q,  was  re- 
ferred to  the  sun's  limb,  but  in  an  occultation  of  a  star  this  an- 
gle is  referred  to  the  moon's  limb,  and  in  the  latter  case  the  an- 
gle Q,  will  differ  180^  from  the  angle  Q,  in  the  former  case. 
Hence  we  have  the  following  formulae  for  the  computation  of 
occultations : 

T=any  convenient  assumed  time  near  conjunction ; 

a=the  moon's  right  ascension; 

J=the  moon's  declination ; 

7r=the  moon's  equator ieJ  horizontal  parallax ; 

A=the  star's  right  ascension ; 

D=the  star's  declination ; 

/It = the  sidereal  time  of  the  place  of  observation ; 

/i^=the  same  for  the  meridian  of  the  ephemeris ; 

a)=the  longitude  of  the  place  of  observation ;  east  longi- 
tudes positive,  west  longitudes  negative ; 

0^=the  geocentric  latitude  of  the  place  of  observation 

p=the  earth's  radius  for  the  place  of  observation ; 
__cos.  6  sin.  (a— A), 

%  — : \ 

sm.  t: 
_sin.  (<5>-D)  oos.^  Ka~A)+sin.  (d+D)  sin.^  \{p--^. 

sin.  TT 
|=p  COS.  0'  sin.  (f*— A) ; 

i7=p  sin.  0^  COS.  D— p  cos.  <^  sin.  D  cos.  (jt*— A) ; 
d!f=p  cos.  ^'  cos.  (jtt— A)rf(i; 
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rf^=f  sin.  Ddfi; 
log.dfi=9A191561; 
m  sin.  M=a;— I; 
_m  COS.  M=y— ^; 
n  sin.  N=a;^— d^; 
ncos.  N=y^— c&y; 

x^ = the  hourly  variation  o{x; 
i/ = the  hourly  variation  of  y  ; 
m  and  n  are  always  positive ; 

sin.  V^=-t;  sin.  ^M— N) ; 

^  must  be  taken  in  the  first  or  fourth  quadrant; 
log.  &=9.4353666; 


ti= 008.  (M- 


.        m 

L= COS. 

n 


(M- 


■N) —  COS.  jb; 
n 

.N)+-COS.t/;. 
n 


Time  of  immersion  =T+io+ti, 
Time  of  emersion  =  T + w + ^j. 
.    For  immersion,  angle  from  north  point  toward  east, 

For  emorsiony  angle  from  north  point  toward  east, 
=Q,==180o+N+V». 
Angle  from  vertex = V=  Q,+ P.    • 

(296.)  Ex.  1.  Required  the  time  of  occultation  of  a  Tauri, 
January  23,  1850,  for  Cambridge  Observatory. 

We  find  that  the  apparent  conjunction  takes  place  at  about 
13  hours  Greenwich  mean  time*  We  therefore  interpolate,  from 
the  computed  places  in  the  Nautical  Almanac,  the  moon's  places 
for  several  hours  before  and  after  conjuncticm,  regard  being  had 
to  differences  of  the  fiftih  order,  as  on  page  279,  and  obtain  the 
following  results : 


OremwlchiiMUiTUne. 

a. 

i. 

». 

k. 
11 

65  47  3.70 

+  16  23  28.91 

59  48.046 

12 

66  24  3.30 

16  30  4.10 

59  50.000 

13 

67  1  7.95 

16  36  33.22 

69  51.942 

14 

67  38  17.62 

16  42  66.21 

59  63,871 

15 

68  15  32.29 

16  49  12.97 

59  66.785 

The  position  of  a  Tauri  is 

A=66o  49'  53".l;  D  =+16o  12'  3".4. 
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The  following  are  the  results : 

Hoar. 

X 

^ 

Diff. 

y 

v'           Dur 

11 

-1,007841 

+.593905 

+  .193633 

+  .107845' 

12 

-  .413936 

+  .593985 

+80 

+  .301478 

-24 
+.1078211 

13 

+  .180049 

+  .594001 

+  16 

+  .409299 

-34 
+.1077871 

14 

+  .774050 

-44 

+.617086 

-48 

+.593957 

+.107739 

15 

+  1.368007 

+  .624825 

For  the  first  trial,  we  may  assntne  T=13  hours  G-reenwich 
mean  time,  and  we  shall  obtain  the  approximate  times  of  immer- 
sion and  emersion.  As,  however,  tiiis  example  has  already  been 
computed  on  page  259,  we  will  suppose  the  approximate  times 
to  be  known,  and  will  assume  12  hours  for  immersion,  and  13.25 
hours  for  emersion.     The  work  will  then  be  as  follows : 


Iinincraion. 

EmeraioD. 

T 

12h.  Gr.  m.  t. 

13.25h.  Gr.  m.  t. 

X 

-.413936 

+  .328551 

y 

+  .301478 

+  .436250 

of 

+  .593945 

+  .593997 

y' 

+.107833 

+  .107795 

,1-A. 

-140  59'54".67 

+3°  48'  10".14 

poos.  ^' 

9.8691208 

9.8691208 

«n.  (ft-A) 

9.4129543n 

8.8216638 

log.l 

9.2820751« 

8.6907846 

1 

-.191459 

+  .049066 

p  sin.  ^' 

9.8264412 

COS.  D 

9.9824020 

log.  (1) 

9.8088432 

(1) 

+  .643937 

+.643937 

p  COS.  0' 

9.8691208 

9.8691208 

sin.  D 

9.4456150 

9.4456150 

COS.  (fi— A) 

9.9849468 

9.9990427 

log.  (2) 

9.2996826 

9.3137785 

(2) 

+.199380 

+  .205958 

(l)-(2)=^ 

+  .444557       ^ 

+  .437979 

p  COS.  <l/ 

9.869120§^ 

9.8691208 

COS.  (fi—A) 

9.9849468 

9.9990427 

d^ 

9.4191561 

9.4191561 

log.  rf^ 

9.2732237 

9.2873196 

di 

+.187596 

+  .193785 
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lammiai. 

Bmerakm. 

log.| 

9.2820751» 

8.6907846 

sin.  D 

9.4456150 

9,4456150 

4. 

9.4191561 

9.4191561 

hg.dii 

8.1468462» 

7.5555557 

dn 

-.014023 

+  .003594 

a-l 

.222477 

+.279485 

V-T, 

-.143079 

-.001729 

log.  (x-f) 

9.3472852» 

9.4463585 

log.  (y-i,) 

9.1555759W 

75377950a 

log.  tang.  M 

0.1917093 

2.2085635» 

M 

2370  15'  15'M 

90°  21'  16".0 

sin.  M 

9.9248366n 

9.9999917 

log. «» 

9.4224486 

9.4463668 

a/-di 

+.406349 

+.400212 

y-M 

+.121856 

+.104201 

log.  (aZ-rff) 

9.6088992 

9.6022901 

log.  {y-H 

9.0858469 

9.0178719 

log.  tang.  N 

0.5230523 

0.5844182 

N 

730  18'  25".4 

750  24'  22".4 

sin.  N 

9.9813010 

9.9857571 

log.  n 

9.6275982 

9.6165330 

M-N 

1630  56'  49'/,7 

140  56'  53".6 

sin.  (M-N) 

9.4417330 

9.4115288 

log.  m 

9.4224486 

9.4463668 

comp.  A; 

0.5646335 

0.6646335 

log.  sin.  '^ 

9.4288151 

9.4225291 

^ 

150  34'  13".0 

150  20'  27".5 

oos.  (M-N) 

9.9827265» 

9.9850487 

log.jw 

9.4224486 

9.4463668 

oomp.  n 

0.3724018 

0.3834670 

9.7775769« 

9.8148826 

-.599207 

+.662954 

COS.  V* 

9.9837624 

9.9842430 

log.* 

9.4353665 

9.4353665 

oomp.» 

0.3724018 

0.3834670 

9.7915307 

9.8030765 

+.618772 

+.635443 

t 

-.019565 

-.017511 

=  -70.4s. 

=  - 63.0s. 

Hence  we  have  the  followmg  results : 

OraeDWicb  mean  Time.  Cambridge  mean  Time. 

Time  of  immersion,    llh.  58ra.  49.6s.,  or  7h.  14m.  19.6& 

"      emersion,      13h.  13m.  57.0s.,  «  8h.  29m.  27.08. 
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For  immersion,  Q,=  N— V»=  57^  44^. 

"    emersion,     Q,=180o+N+V»=270o  45^ 
These  results  are  nearly  the  same  as  found  on  page  261. 
(297.)  We  may  obtain  a  check  upon  the  accuracy  of  our  com- 
putations in  the  same  manner  as  shown  for  a  solar  eclipse  on 
page  289.     Equation  (5),  page  267,  becomes,  in  the  case  of  an 
occultation, 

(a;_|)2+(y-7/)2=A:2^  074256, 
the  quantities  2;,  ^,  ^,  and  17  being  supposed  to  be  computed  for 
the  instant  of  immersion  or  emersion.     If  these  quantities  have 
been  computed  for  a  time,  T,  which  differs  from  the  instant  of 
immersion  or  emersion  by  a  small  interval,  t,  we  shall  have 
[x--^+{a/--di)tY+[y^fj+{r^dfi)tY=k\ 
Thus  in  the  preceding  example,  for  immersion,  ^=  —  .019565l 
a;-|= -.222477 
(a/ -di)t= -.007950 

Sum=  -.230427,  whose  square  is  .053097. 
Also,  y-i7= -.143079 

(y^-rf7y)^== -.002384 

Sum  =*  — .145463,  whose  square  is  .021159. 
The  sum  of  these  two  squares  is  .074256. 
For  emersion,  ^=—.017511. 

a?-|= +.279485 
(a;^-fii:g)^= -.007008 

Sum=     .272477,  whose  square  is  .074244. 
Also,  y-^= -.001729 

(3^-rf^)^= -.001825 

Sum=     .003554,  whose  square  is  .000012. 
The  sum  of  these  two  squares  is  .074256. 
(298.)  Ex.  2.  Required  the  time  of  occultation  of  y  Virginis, 
January  9,  1855,  for  Washington  Observatory. 

Apparent  conjunction  takes  place  between  23  and  24  hours 
of  G-reenwich  mecm  time.  The  moon's  places  for  23,  24,  and 
25  hours,  G-reenwich  time,  according  to  the  American  Nautical 
Almanac,  are  as  follows : 


Oremwieh  m.  t. 

a. 

i. 

tr. 

k. 

k.      m.          a. 

0           /           /' 

»           " 

33 

12  33  21.97 

+0    8  30.8 

55  31.18 

24 

12  35  12.33 

-0    6  32.3 

55  32.80 

25 

12  37    2.80 

-0  19  365 

55  34.43 
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The  position  of  y  Virginia  is 

A=12h.  34m.  18.438.;  D=- 


-Oo  39'  12".l. 


Computation  of  the  co-ordinates  x  and  y. 

Greenwich  mean  Time. 

S3h. 

Mh. 

S5b. 

a-A 

-14'  6".9 

+  13'  28".5 

+41'  5".56 

log.  TT 

a5225981 

3.5228093 

3.5230216 

log.  sin.— log. 

4.6865560 

4.6856660 

4.6865569 

sin.  TT 

8.2081541 

8.2083653 

85085775 

log.  (a-A) 

2.9278321» 

2.9076800 

3.3919138 

log.  sin.— log. 

4.6855736 

4.6855738 

4.6856646 

cos.  6 

9.9999987 

9.9999994 

9.9999929 

OOSeO.  TT 

1.7918459 

1.7916347 

1.7914225 

log.  a; 

9.4052503n 

9.3848879 

9.8688937 

X 

-.254244 

+.242598 

+  .739424 

d+D 

-30'  41".3 

_44'  44".4 

-68'  48".3 

d-D 

+47'  42".9 

+33'  39".8 

+  19'  36".9 

008.  i(a— A) 

9.9999991 

9.9999992 

9.9999922 

cos.  i(a— A) 

9.9999991 

9.9999992 

9.9999922 

log.  (d-D) 

3.4568062 

3,3053084 

3.0703704 

log.  sin.— log. 

4.6855609 

4.6855679 

4.6866725 

cosec.  tt 

1.7918459 

1.7916347 

1,7914225 

log.  (1) 

9.9342112 

9.7825094 

9,5473498 

log.  i(a-A) 

2.62680 

2.60665 

3.09088 

log.  sin.— log. 
sin.  i(a— A) 

4.68557 

4.68657 

4.68657 

7.31237 

7.29222 

7.77645 

sin.  (d+D) 

7.95069« 

8.10440» 

8.23250» 

cosec.  TT 

1.79185 

1.79163 

1.79142 

log.  (2) 

4.36728» 

4.48047« 

5.67682» 

(1 

+.859431 

+  .606051 

+.352656 

(2) 

-.000002 

-.000003 

-.000038 

(l)+(2)=y 

+.859429 

+  .606048 

+  .352617 

The  following  are  the  results : 


*  Hour. 

a 

^ 

our. 

» 

K 

Dur. 

23 

-.254244 

+.496842 

+.859429 

.253381 

24 

+.242598 

+.496826 

-16 

+.606048 

-.253431 

-50 

25 

+.739424 

+  .352617 

For  a  iSrst  approximation  we  assume  T=24  hours  G-reenwich 
mean  time.  The  corresponding  sidereal  time  at  Washington  is 
14h.  9m.  35.06s. ;  whence 

/i-A= +23049^9^^45. 

Also,  p  sin.  ^^=9.7955439,  and  p  cos.  «'=9.8917226. 
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Hence  we  obtain 

«= +.24260;  |= +.31474;  i»  sin.  M=-. 07214. 
y= +.60605 ;  9= +.63261 ;  «  ooe.  M=  -.02656. 

M=249°  47'  16",  kg.  i»=8.885779. 

a/=+.49683;  df=+.18716;  «  sin.  N=+. 30967. 

j/'=-.25341;  rf»;=-.00094;  n  cos.  N=-. 25247. 

N=129«>  11'  24",  log.  »=9.601567. 

V'=14o3'12". 

^1= -.56368;  <,= +.75955. 

Greenwich  mean  Time.    Waabington  mean  Time. 

Time  of  immersion =23.43632h.,  or  18h.  17m.  69s. 
"       emersion    =24.76955h.,  "  19h.  37m.  238. 
For  the  second  approximation  we  will  assmne  23h.  2dm.  for  im- 
mersion, and  24h.  4dm.  for  emersion.    The  results  are  as  follows : 


Immersion. 

Emersion. 

T 

23h.  25m.  Gr.  m.  t 

24h.  45m.  Gr.  m.  t. 

X 

-.047224 

+.615218 

y 

+.753860 

+  .415979 

vf 

+.496843 

+.496821 

y 

-.253377 

-.253443 

,i-A 

150  2'  43".2 

35°  6'  0".3 

1 

+  .202302 

+.448121 

n 

+  .633058 

+  .631747 

d^ 

+.197574 

+  .167383 

dn 

-.000606 

-.001341 

M 

2950  49'  58".2 

142°  14'  41".2 

log.  «» 

9.4428399 

9.4360119 

N 

130°  11'  7".3 

127°  25'  29".9 

log.  n 

9.5929907 

9.6178712 

■0 

14°  36'  25"  7 

14°  50'  32".5 

t 

+  .012470 

-.001011 

^ 

115°  35' 

322°  16' 

Hence  we  have  Greenwich  mean  Time.  Washington  mean  Time. 

Time  of  immersion,  23h.  26m.  44.98.,  or  18h.  17m.  33.7s. 
''       emersion,     24h.  44m.  66.4s.,  <<  19h.  36m.  46.2s. 
Check. — For  immersion^ 

x-f= -.249626 
(a/-<«f)^= +^003732 

Sum=  —.246794,  whose  square  is  .060414. 
Also,  y-j7= +.120802 

(y"-6g>y)^= -.003162 

Smn=:  +.117650,  whose  square  is  .013842. 
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The  sum  of  these  two  squares  is  .074256. 

For  emersion^ 

a;-f= +.167097 
(a;^-rf^)^= -.000333 

Sum=  +.166764,  whose  square  is  .027810. 

Also,  y-7?= -.215768 

(y^-rfyy)^= +  .000255 

Sum=  —  .215513,  whose  square  is  .046446. 

The  sum  of  these  two  squares  is  .074256. 

In  the  Tables  from  which  the  American  Nautical  Almanac  is 
computed,  the  value  of  &  is  assumed  to  be  0.272278.  In  the 
English  Nautical  Almanac  for  1857  the  value  of  k  is  assumed 
to  be  0.273114.  The  value  employed  in  Burckhardt's  Tables 
of  the  Moon  is  0.2725. 

(299.)  In  the  American  Nautical  Almanac,  and  also  in  the 
Berlin  Jahrbuch,  are  furnished  elements  by  which  the  preceding 
computations  are  materially  abridged.  These  elements  are  the 
co-ordinates  x  and  ^,  with  their  hourly  variations.  In  the  Amer- 
ican Almanac,  p.  375-397,  is  given  a  list  of  all  the  stars,  to  the 
sixth  magnitude  inclusive,  contained  in  the  B.  A.  Catalogue, 
which  can  be  occulted  by  the  moon.  It  also  furnishes  for  each 
star  the  Washington  mean  time  (T)  of  conjunction  with  the 
moon ;  the  Washington  hour  angle  of  the  star  at  the  time  T ; 
and  the  co-ordinates  for  the  same  time,  with  their  hourly  varia- 
tions. At  the  instant  of  conjunction  x  reduces  to  zero,  and  is 
therefore  omitted  from  the  almanac. 

Thus  for  y  Virginis,  January  9,  1855,  we  find  on  page  375, 
T= Washington  mean  time  of  conjunction,  18h.  22.5m. 

H= Washington  hour  angle  of  star  at  time  T,  +lh.  5m.  51s. 
Y=the  co-ordinate  which  Bessel  represents  by  y,  +0.7298 
p^= hourly  variation  of;?,  Bessel  represents  by  ar',  +0.4968 
g'= hourly  variation  of  ^,  Bessel  represents  by  y^,  —0.2530 
log.  sin.  D=log.  sine  of  star's  declination,  —8.0570 

log.  COS.  D=log.  cosine  of  star's  declination,  0.0000 

Having  the  assistance  of  these  numbers,  we  are  relieved  from 
the  necessity  of  the  preliminary  computations  on  page  297,  and 
the  approximate  times  of  immersion  and  emersion  are  obtained 
with  very  little  labor,  especially  if  we  employ  logarithms  to  only 
four  decimal  places,  which  will  generally  furnish  results  correct 
to  the  nearest  minute. 


CHAPTER  Xn, 

LONGITUDE. 
Section  I. 

LONGITUDE   DETERMINED  BY  TRANSPORTATION   OF  CHRONOMETERS. 

(300.)  The  manu&ctare  of  ohronometers  has  attained  to  sQch 
a  degree  of  perfection  as  to  afford  the  means  of  determining  the 
difference  of  longitude  of  two  stations,  not  too  remote  from  each 
other,  with  a  precision  superior  to  that  of  most  other  methods. 
The  following  are  the  essential  steps  of  this  method :  The  time 
is  accurately  determined  at  one  station,  G-reenwich,  for  instance, 
and  the  chronometer  is  carefully  compared  with  the  transit  clock ; 
hence  the  error  of  the  chronometer  on  the  meridian  of  Green- 
wich is  known.  The  chronometer  being  carried  to  a  second  sta- 
tion, for  example,  Cambridge  Observatory,  is  compared  with  the 
transit  clock  at  that  place.  Thus  the  error  of  the  chronometer 
on  the  meridian  of  Cambridge  is  known;  but  its  error  on  the 
meridian  of  G-reenwich  at  the  same  instant  is  known,  if  its  rate 
be  known,  and  the  longitude  is  the  difference  of  these  two  er* 
rors.  In  grand  Chronometric  expeditions,  it  is  customary  to  em- 
ploy a  large  number  of  chronometers,  from  twenty  to  fifly,or 
more,  as  checks  upon  each  other. 

(301.)  The  most  serious  difficulty  in  the  application  of  this 
method'  consists  in  determining  the  rate  of  the  chronometers 
during  the  journey,  for  chronometers  generally  have  a  different 
rate  when  transported  from  place  to  place,  either  by  land  or  by 
sea,  from  that  which  they  maintain  in  an  observatory.  When 
it  is  proposed  to  determine  the  difference  of  longitude  of  two  sta- 
tions with  the  greatest  accuracy,  the  error  of  the  ohronometers  ' 
should  be  determined  at  the  commencement  of  the  expedition, 
at  the  first  station ;  the  same  thing  should  be  done  at  the  sec- 
ond station ;  then,  as  soon  as  possible,  the  ohronometers  should 
be  brought  back  to  the  first  station,  and  their  error  determined 
anew.  The  chronometers  should  thus  be  transported  back  and 
forth  a  considerable  number  of  times. 
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.  Let  U8  designate  the  eastern  station  by  A,  the  western  by  B, 
and  the  west  longitude  of  the  place  B  from  A  we  will  designate 
by  ci).  We  will  suppose  that  at  the  time  ty  at  the  place  A,  the 
error  of  one  of  the  chronometers  was  a  ;  that  on  its  arrival  at  B, 
at  the  time  t%  the  error  was  b  ;  and  again,  on  its  return  to  A  at 
the  time  t'^j  the  error  was  a\  If  we  regard  a  day  as  the  unit 
of  time,  and  represent  the  mean  daily  rate  of  the-  chronometer 
during  the  journey  by  m,  we  shall  have 

whence  we  may  conclude  that 

a)=a  +m  (t'—t)  -A, 
or  wrra^-a^^^^-r)-*. 

Each  chronometer  will  afford  an  independent  determination 
of  the  value  of  o);  and  in  order  to  detect  any  irregularity  in  the 
rates  of  the  chronometers,  they  should  be  compared  daily  with 
each  other  throughout  the  entire  journey. 

The  following  observations  were  made  to  determine  the  differ* 
ence  of  longitude  between  two  stations,  A  and  B : 


Station  A 
Station  B 
Station  A 


^=September  16,  11.65h. 
<"= September  17, 18.86h. 
r= September  18,  11.55h. 


a=+34m.  20.1s. 

i=+31m.    0.6s. 

«'=+34m.    4.4s. 


15  7s 
Consequently  we  have  w  = ^ = — 6.23s. 

a=+ 34m.  20.1s. 
i»(<--^)=  ^5.28x2.304=  -12.1s. 

--&=-31m.  0  6s. 
Longitude =0)=:  3m.  7.4s. 
(302.)  Since  chronometers  almost  invariably  indicate  a  differ- 
ent rate,  according  as  they  are  traveling  or  at  rest,  if  the  observer 
remains  for  several  days  at  the  station  B,  the  error  of  the  chro- 
nometers should  be  detennined'  immediately  upon  arrival,  and 
again  before  departing  from  B ;  and  the  interval  of  rest  should 
not  be  included  in  the  determination  of  the  value  of  m.  Sup- 
pose we  have  determined  the  chronometer  errors 

corresponding  to  the  times 

tj  I  f  t  ,  r    , 
where  a  and  a^  are  supposed  to  have  been  obtained  at  the  place 


302 


Practical  Astronomy. 


A;  b  was  the  error  on  first  arriving  at  B,  and  1/  the  error  on  de< 
parting  from  B. 

Then  the  interval  of  time  embraced  in  the  two  jonmeys  is 

and  the  change  in  the  error  of  the  chronometer  for  the  same  time 
is  (a/_a)-(6^-i). 


Hence  we  have     m 


_  (ji^^a)^[b''-b) 


The  following  example  is  taken  from  Struve's  chronometrio 
expedition,  undertaken  in  1843,  between  Pulkova  and  Altona : 


Pulkova 
Altona 
Altona 
Pulkova 


^=May  19,  21.54h. 

r=May  24,  22.66h. 
r=May26,  10.72h. 
r^=:May31,    O.OOh. 


a==         +6m.  38.10s. 

A=-lh.  14m.  39.92s. 

ft^=-lh.  14m.  36.778. 

a"=         +7m.    9.58s. 


Here  we  have 


«^-a=31.48s. 
6^-6=  3.15s. 


Also, 


Hence 


(a^-a)-(fr'-ft)=28.33s. 

^-^=5d.    1.12h. 

r^-r=4d.  13.28h. 

(^/_^)  +  (r^_^^/)=9d.  14.40h. 

28.33s. 


m=- 


9.6 


-=+ 2.951s. 


a=         +6m.  38.10s. 
m(^^-0=2.951  X  5.047=  +14.89s. 

~&=+lh.  14m.  39.92s. 
Longitude =6)=  Ih.  21m.  32.91s. 
(303.)  It  is  here  assumed  that  the  rate  of  the  chronometer  was 
the  same  during  the  journey  from  Pulkova  to  Altona  as  during 
the  journey  from  Altona  to  Pulkova.  In  order  to  eliminate  any 
error  which  might  arise  from  this  supposition,  Struve  begins  the 
next  calculation  vdth  Altona,  so  that  any  change  in  the  rate  of 
the  chronometer  will  produce  the  opposite  effect  from  that  which 
would  result  if  the  computation  commenced  with  Pulkova.  The 
following  combination  is  the  one  which  immediately  succeeded 
that  of  the  former  example : 


Altona 
Pulkova 
Pulkova 
Altona 


^=May26, 10.72h. 

/'=May31,  O.OOh. 
r^= June  3,  5.62h. 
r''=:June7,  20.52h. 


A=-lh.  14m.  36.77s 
a=  +7m.  9.58s. 
a'-  +7m.  19.36s. 
6'=-lh.  14m.    0  36s. 
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Here  we  have  &'— &=36.42s. 

.       a'—a=  9.788. 

(J'_4)_(a'_o)=26.648. 

<'-<=4d.  13.28L 

V"-t"=Mi.  14.90h. 

(<'-<)+(<"'-<") =9d-    4.18h. 

26.64s.        ,  -nnj 

6=-lh.  14m.  36.77s. 

iw(r-0=2.904x  4.563=  +13.22s. 

-a=         -7m.    9.583. 

Longitude=6)=  -Ih.  21m.  33.13^. 

In  the  ohronometric  expedition  already  referred  to,  nine  voy- 
ages were  made  from  Pulkova  to  Altona,  and  eight  from  Altona 
to  Pulkova,  in  which  81  chronometers  were  employed.  The  re- 
sults of  13  of  this  number,  having  shown  greater  discordances 
than  the  rest,  were  rqected,  and  the  deduced  longitude  was  made 
to  depend  upon  68  chronometers. 

This  result  was 

Ih.  21m.  32.52s., 
with  a  probable  error,  according  to  Struve,  of  only  0.048. 

(304.)  It  is  indispensable  to  the  accuracy  of  these  results  that 
the  time  be  obtained  at  each  station  with  the  greatest  precision. 
Struve  recommands  that  the  time  be  determined  with  a  tran- 
sit instrument,  by  observations  of  stars  near  the  zenith,  inas- 
much as  a  slight  deviation  of  the  transit  instrument  from  the 
plane  of  the  meridian  does  not  affect  the  time  of  passage  of  a 
zenith  star.  It  is  necessary,  however,  to  know  the  inclination  of 
the  axis  with  the  greatest  accuracy ;  and  the  axis  should  be  re- 
versed upon  its  supports  during  each  series  of  observations,  so  as 
to  eliminate  the  effect  of  unequal  pivots  and  of  collimation  error. 
In  order  to  eliminate  the  effect  of  any  error  in  the  right  ascensions 
of  the  stars  employed,  the  same  stars  should,  if  possible,  be  ob- 
served at  both  stations.  For  this  purpose,  a  catalogue  of  all  the 
stars  which  pass  near  the  zenith,  and  of  a  magnitude  sufficient 
to  be  observed  without  inconvenience,  should  be  prepared  before- 
hand, and  a  copy  furnished  to  each  observer.  If  tie  places  of 
any  of  the  stars  are  too  imperfectly  known,  they  should  be  care- 
fully observed  with  the  instruments  of  some  largo  observatory. 
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(305.)  The  comparisoDS  of  the  chronometers  should  all  be 
made  by  observing  the  coincidence  of  beat%  If  we  undertake 
to  compare  two  clocks  which  beat  seconds  of  the  same  kind  of 
time,  unless  they  happen  to  tick  at  the  same  instant,  there  is  a 
fraction  of  a  second  which  must  be  estimated  by  the  ear.  This 
estimation  is  extremely  difficult,  and  practiced  observers  will 
differ  among  themselves  by  a  quarter  of  a  second,  and  sometimes 
even  more.  When,  however,  the  two  clocks  happen  to  tick  to- 
gether, there  is  no  fraction  of  a  second  to  be  estimated ;  and  a 
practiced  ear  will  detect  any  deviation  from  coincidence  in  beats 
amounting  to  0.01s.  Now  a  sidereal  clock  gains  upon  a  solar 
clock  one  second  in  about  six  minutes ;  and  if  two  such  clocks 
are  placed  side  by  side,  they  must  tick  together  once  in  every 
six  minutes.  In  order  to  compare  two  such  docks,  we  notice 
their  movements,  and  wait  until  the  beats  sensibly  coincide, 
when  we  know  that  their  difference  amounts  to  an  entire  number 
of  seconds,  which  is  readily  discovered.  Chronometers  generally 
make  two  beats  in  a  second ;  so  that  between  a  clock  which 
beats  seconds  of  sidereal  time,  and  a  chronometer  which  ticks 
half  seconds  of  solar  time,  there  must  be  a  coincidence  every 
three  minutes.  Chronometers  are  sometimes  made  to  tick  13 
times  in  6  seconds.  Such  a  chronometer,  regulated  to  mean 
time,  makes  121  ticks  in  56  seconds  of  sidereal  time ;  that  is, 
the  coincidences  between  such  a  chronometer  and  a  sidereal  sec- 
onds-pendulum would  occur  every  56  seconds.  Moreover,  the 
intervals  between  the  ticks  of  the  chronometer  is  0.4628s.  side- 
real time ;  and  13  of  these  intervals  are  equal  to  6.016s.  sidereal 
time ;  54  are  equal  to  24.991s. ;  67  are  equal  to  31.007s. ;  and 
121  are  equal  to  55.999s ;  that  is,  in  the  course  of  56  seconds 
there  are  five  coincidences  within  the  limits  db  0.02s.  Such  a 
chronometer  affords  the  means  of  compariz^  by  coincidences 
with  great  rapidity ;  a  consideration  of  no  trifling  importance 
where  80  chronometers  are  to  be  compared  daily.  Chronome- 
ters are  frequently  made  to  beat  five  times  in  two  seconds,  which 
gives  a  coincidence  at  every  36  seconds  with  a  half-second  side- 
real chronometer. 

(306.)  It  is  also  indispensable  to  the  accuracy  of  the  results 
that  the  personal  equation  of  all  the  observers  employed  in  ob- 
taining the  time  should  be  carefully  determined.     The  mode  of 
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doing  this  has  already  been  explained  on  page  80.  This  correc- 
tion is  the  most  difficult  to  obtain  satisfactorily,  especially  as 
persona]  equation  is  not  always  a  constant  quantity,  but  is  liable 
to  vary  with  the  physical  condition  of  the  observer.  It  is  the 
opinion  of  Hr.  Airy,  that  when  a  tolerable  number  of  chronom- 
eters is  used  for  a  moderate  distance,  and  in  good  observing 
weather,  the  variation  of  personal  equation  is  the  error  to  be 
most  apprehended. 

A  grand  ohronometrio  expedition  has  been  for  several  years  in 
progress,  at  the  expense  of  the  United  States  coast  survey,  for 
the  purpose  of  determining  the  difference  of  longitude  between 
Greenwich  and  Cambridge,  Massachusetts.  A  large  number 
of  chronometers  have  been  transported  by  means  of  the  Cunard 
steamers  from  the  Liverpool  Observatory  to  Cambridge,  and  back 
again  to  Liverpool.  During  the  summer  of  1849,  forty-four 
different  chronometers  were  employed  in  several  trials,  and 
during  the  progress  of  the  expedition  more  than  four  hundred 
exchanges  of  chronometers  have  been  made.  For  facility  of 
comparing  the  chronometers,  Mr.  Bond  used  a  chronometer  beat- 
ing half  seconds,  and  gaining  12  minutes  daily  on  mean  solar 
time,  which  fiimished  a  coincidence  of  beats  every  90  seconds. 


Section   IL 
longitude  determined  by  the  electric  telegraph. 

(307.)  The  difference  of  the  local  times  of  two  places  may  be 
determined  by  means  of  any  signal  which  can  be  seen  or  heard 
at  both  places  at  the  same  instant.  When  the  places  are  not 
very  distant,  the  explosion  of  a  rocket  or  the  flash  of  gunpowder 
may  serve  this  purpose.  Six  or  eight  ounces  of  powder  at  night 
makes  a  good  signal  at  a  distance  of  twenty-five  to  thirty  miles ; 
but  for  a  distance  of  ten  miles,  two  or  three  ounces  are  sufficient, 
if  the  observers  are  provided  vrith  telescopes. 

(308.)  But  the  electric  telegraph  affords  the  means  of  trans- 
mitting signals  to  a  distance  of  a  thousand  miles  or  more  with 
scarcely  any  appreciable  loss  of  time.  The  first  experiments  of 
this  kind  any  where  made  were  undertaken  in  the  United  States ; 
and,  with  the  exception  of  a  rude  experiment  of  Captain  Wilkes 
in  1844,  all  the  experiments  in  this  country  have  been  made  in 

U 
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connection  with  the  United  States  Coast  Survey.  Suppose  Hkere 
are  two  observatories  at  a  considerable  distance  from  each  other, 
and  that  each  is  provided  with  a  good  clock  and  a  transit  instru- 
ment for  determining  its  error ;  then,  if  they  are  connected  by  a 
telegraph  wire,  they  have  the  means  of  transmitting  signals  at 
pleasure  from  either  observatory  to  the  other,  for  the  purpose  of 
comparing  their  local  times.  The  signal  is  given  at  either  sta* 
tion  by  pressing  a  key,  as  in  the  usual  mode  of  telegraphing ; 
and  the  observer  at  the  other  station  hears  the  click  caused  by 
the  motion  of  the  armature  of  his  electro-magnet.  Four  dif- 
ferent methods  of  comparison  have  been  practiced  in  the  exper- 
iments by  the  United  States  Coast  Survey. 

(309.)  The  first  method  is  the  most  obvious  one,  and  consists  in 
simply  striking  on  the  signal  key  at  intervals  often  seconds;  the 
party  at  one  station  recording  the  time  when  the  signals  were 
given,  and  the  other  party  recording  the  time  when  the  signals 
were  received.  After  about  twenty  signals  have  been  transmit- 
ted from  the  first  station  to  the  second,  a  similar  set  of  signals 
is  returned  from  the  second  station  to  the  first.  This  mode  of 
comparison  has  but  one  serious  imperfection,  and  this  is,  that 
it  requires  the  fraction  of  a  second  to  be  estimated  by  the  ear. 
The  party  giving  the  signals  strikes  his  key  in  coincidence  with 
the  beats  of  his  clock,  so  that  at  this  station  there  is  no  fraction 
of  a  second  to  be  estimated ;  but  at  the  other  station  the  arma- 
ture click  will  not  probably  be  heard  in  coincidence  wiih  the 
beats  of  the  clock,  and  the  fraction  of  a  second  is  to  be  estimated 
by  the  ear.  Now  this  fraction  can  not  be  estimated  with  the 
accuracy  which  is  demanded  in  this  kind  of  comparison.  It  is 
found  that  observers  generally  estimate  the  fraction  of  a  second 
too  small  when  using  the  ear  alone,  unassisted  by  the  eye.  This 
error  is  greatest  at  the  middle  date  between  two  clock  beats,  and 
is  found  to  vary  firom.  0.06  to  0.18  of  a  second  with  different  ob- 
servers. 

(310.)  This  evil  suggested  the  second  method  of  observation, 
which  relies  on  the  coincidences  of  a  mean  solar  and  sidereal 
clock  or  chronometer.  The  following  is  the  method  pursued : 
After  transmitting  a  few  signals  by  the  former  method,  so  as  to 
determine  the  difference  between  the  local  times  of  the  two  sta- 
tions  within  a  small  fraction  of  a  second,  the  party  at  the  first 
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station  commences  striking  on  his  signal  key  every  second,  in 
coincidence  with  the  beats  of  his  mean  solar  chronometer,  and 
continues  to  do  so  for  ten  or  fifteen  minutes  without  interruption. 
The  party  at  the  second  station  compares  the  armature  click  of 
his  magnet  with  the  beats  of  his  sidereal  clock,  and  watches  for 
a  coincidence,  and  records  the  time  when  the  coincidence  takes 
place.  When  he  has  obtained  two  or  three  coincidences,  which 
generally  requires  from  ten  to  fifteen  minutes,  he  breaks  the  eleo 
trie  circuit,  in  order  to  notify  the  first  party  to  stop  beating.  He 
then  commences  beating  seconds  by  striking  his  own  signal  key 
in  coincidence  with  the  beats  of  his  sidereal  clock ;  and  tibe  party 
at  the  first  station  compares  the  armature  clicks  of  his  magnet 
with  the  beats  of  his  solar  chronometer,  and  watches  for  a  coin- 
cidence. When  he  has  obtained  three  or  four  coincidences, 
which  generally  requires  ten  or  twelve  minutes,  he  breaks  the 
electric  circuit,  in  order  to  notify  the  other  party  to  stop  beating. 
The  comparison  of  times  at  the  two  stations  is  now  complete. 

(311.)  The  following  observations  were  made  August  1, 1849, 
for  the  purpose  of  determining  the  difference  of  longitude  be- 
tween the  High  School  Observatory  in  Philadelphia  and  Western 
Reserve  College  Observatory  at  Hudson,  Ohio.  The  time-keeper 
employed  at  Philadelphia  was  a  mean  solar  chronometer,  beat- 
ing half  seconds ;  the  time-keeper  at  Hudson  was  a  sidereal 
clock. 


Slgmli  glren  U  PUladelphia, 
Dieui  Tlnw. 

IIudMn,  .id.  Time. 

SigniO.  given  at 
HodMO,  aid.  Time. 

Sifpiala  reeelTed  at 
PUIadd.,nwanTiiiie. 

k.      m.      t. 

14  16  30 

Jk.      m.        «. 

17  44  23.5 

Jk.      in.       t. 

18  13    0 

h.      m.          1. 

14  44    1.6 

40 

33.5 

10 

11.8 

50 

43.5 

20 

21.8 

16    0 

53.7 

30 

31.9 

10 

45    3.8 

40 

41.8 

20  20 

49  14.2 

50 

51.7 

30 

24.3 

14    0 

45     1.7 

40 

34.4 

10 

11.4 

50 

44.4 

20 

21.6 

21    0 

54.5 

30 

31.6 

10 

50    4.5 

40 

41.4 

Result,  14  20  40 

17  49  34.4 

1  18  14    0 

14  45     1.7 

From  these  comparisons  we  may  conclude  that  14h.  20m.  40s. 
on  the  Philadelphia  chronometer  corresponds  to  17h.  49m.  34.4s. 
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on  the  Hudson  clock ;  and  18h.  14m.  Qs.  on  the  Hudson  clock 
corresponds  to  14h.  45ni.  1.7s.  on  the  Philadelphia  chronometer. 
The  Philadelphia  observer  beat  seconds  for  ten  minutes,  and 
two  coincidences  were  recorded  at  Hudson ;  viz.,  at 
17h.58m.    Os., 
18h.    4m.  10s. 
The  Hudson  observer  beat  seconds  for  eleven  minutes,  and 
three  coincidences  were  recorded  at  Philadelphia ;  viz.,  at 
14h.  54m.  25s., 
14h.  57m.  28.5s., 
15h.    0m.39s. 
The  former  comparisons  show  us  that 

By  the  Philadelphia  Ckrcnonuter.  By  the  Hudson  Clock. 

14h.  29m.   4s.  correspond  to  17h.  58m.    Os. 
14h.35m.13s.  "  18h.   4m.  10s. 

14h.  54m.  25s.  "  18h.  23m.  25s. 

14h.  57m.  28.5s.       "  18h.  26m.  29s. 

15h.    0m.39s.  "  18h.29m.40s. 

At  16h.  Om.  the  Philadelphia  chronometer  was  4h.  48m. 
25.78s.  fast,  and  losing  2.228.  per  day. 

At  18h.  6m.  the  Hudson  clock  was  8.13s.  fast,  and  losing  1.02s. 
per  day. 

In  the  following  table,  column  first  shows  the  corrected  Phil- 
adelphia mean  times  ;  column  second  the  corresponding  Phila- 
delphia  sidereal  times ;  column  third  the  corrected  Hudson  si- 
dereal times;  and  column  fourth  shows  the  differences  between 
the  numbers  in  the  two  preceding  columns,  or  the  difference  of 
longitude  between  the  two  places. 


Phlladel.  iDMn  Tims. 

PhUaddphla  M.  Tim.. 

Hndwin  M.  lime. 

Difl-.  oTLonfitade. 

*.      m.         .. 

*.      m.         : 

k.      m.         t. 

m.        t. 

9  40  38.08 

18  22  67.43 

17  57  61.87 

26  5.56 

9  46  47.09 

18  29     7.45 

18    4    1.87 

6.58 

10    5  59.12 

18  48  22.63 

18  23  16.89 

5.74 

10    9    2.62 

18  51  26.64 

18  26  20.89 

5.75 

10  12  13.13 

18  54  37.66 

18  29  31.89 

5.77 

Mean  of  results  by  eastern  signals,  25m.  5.57s. 
"         "         western  signals,  25m.  5.75s. 
Mean  of  both,  25m.  5.66s. 

The  difference  between  the  results  by  eastern  and  western  sig- 
nals is  partly  due  to  the  time  required  for  the  transmission  of  the 
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signals ;  but  this  effect  disappears  from  the  mean  of  both  sets  of 
signals. 

(312.)  A  third  method  of  comparing  local  times  is  by  tele- 
graphing transits  of  stars.  This  method  was  practiced  in  the 
summer  of  1848,  between  New  York  and  Cambridge,  in  the  fol- 
lowing manner :  A  list  of  zenith  stars  is  selected  beforehand,  and 
furnished  to  each  observer.  When  every  thing  is  prepared  for 
observation,  the  Cambridge  astronomer  points  his  telescope  upon 
one  of  the  selected  stars  as  it  is  passing  his  meridian,  and  strikes 
the  key  of  his  register  at  the  instant  the  star  appears  to  coincide 
with  the  first  wire  of  his  transit.  He  makes  a  record  of  the 
time  by  his  own  chronometer,  and  the  New  York  astronomer, 
hearing  the  click  of  his  magnet,  records  the  time  by  his  own 
clock.  As  the  star  passes  over  the  second  wire  of  the  transit  in- 
strument, the  Cambridge  astronomer  again  strikes  the  key  of  his 
register,  and  the  time  is  recorded  both  at  Cambridge  and  New 
York.  The  same  operation  is  repeated  for  each  of  the  other 
wires.  The  Cambridge  astronomer  now  points  his  telescope 
apon  the  next  star  of  the  list,  which  culminates  after  an  inter- 
val of  five  or  six  minutes,  and  telegraphs  its  transit  in  the  same 
manner.  In  about  twelve  minutes  from  the  former  observation, 
the  first  star  peases  the  meridian  of  New  York,  when  the  New 
York  astronomer  points  his  transit  instrument  upon  the  same 
star,  and  strikes  the  key  of  his  register  at  the  instant  the  star 
passes  each  wire  of  his  transit.  The  times  are  recorded  both  at 
New  York  and  Cambridge.  The  second  star  is  telegraphed  in 
a  similar  manner.  The  same  operations  are  now  repeated  upon 
a  second  pair  of  stari,  and  so  on  as  long  as  may  be  thought  de- 
sirable. 

The  chief  objection  to  this  method  is,  that  it  involves  the  es- 
timation of  fractions  of  a  second,  as  in  the  usual  mode  of  transit 
observations ;  that  is,  it  involves  the  personal  equation  of  the 
observers. 

(313.)  The  fourth  method  of  comparison  obviates  this  evil  in 
some  degree,  by  printing  the  signals  upon  a  cylinder  or  a  fillet 
of  paper.  There  must  be  a  clock  at  one  of  the  stations  for 
breaking  the  electric  circuit  every  second,  as  described  in  Art. 
102 ;  and  there  must  be  a  register  at  each  of  the  stations  for 
recording  the  beats  of  tJie  clock  and  any  other  signals  which 
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may  be  required,  as  described  in  Art.  106.  When  the  connec- 
tions are  properly  made,  there  will  be  heard  a  click  of  the  mag- 
nets at  each  station  simultaneoosly  with  the  beats  of  the  electric 
clock,  and  the  registers  will  all  be  graduated  into  second  spaces. 
The  method  is  not  Umited  to  two  stations,  but  any  number  of 
stations  may  be  compared  at  the  same  time.  In  January,  1849, 
Cambridge,  New  York,  Philadelphia,  and  Washington  were  con- 
nected in  this  manner.  The  mode  of  observation  is  the  same 
as  described  in  the  preceding  article,  except  that  the  observations 
are  all  recorded  by  the  operation  of  machinery.  The  Cambridge 
astronomer  strikes  the  key  of  his  register  as  the  star  passes  suc- 
cessively each  wire  of  his  transit  instrument,  and  the  dates  are 
printed  not  only  upon  his  own  register,  but  also  upon  those  at 
New  York,  Philadelphia,  and  Washington.  When  the  same  star 
comes  over  the  meridian  of  New  York,  the  observer  there  goes 
through  the  same  operation,  and  his  observations  are  printed 
upon  all  four  of  the  registers.  The  Philadelphia  observer  does 
the  same  when  the  star  comes  upon  his  own  meridian,  and  we 
proceed  in  the  same  manner  whatever  be  the  number  of  stations. 
Thus  we  have  four  or  more  registers  all  graduated  into  equal 
parts  by  the  ticking  of  the  same  clock,  and  upon  these  we  have 
printed  the  instants  at  which  the  star  was  seen  to  pass  each  wir<< 
of  the  transit  telescopes  at  the  several  stations.  These  observa-' 
tions  furnish  the  difference  of  longitude  of  the  stations,  inde* 
pendently  of  the  tabular  place  of  the  star  employed,  and  also  in* 
dependency  of  the  absolute  error  of  the  clock.  The  observers 
now  read  liieir  levels,  and  reverse  their  transit  instruments.  A 
second  star  is  now  telegraphed  successively  over  each  meridian, 
and  so  on  as  long  as  may  be  desired. 

(314.)  The  following  example  is  derived  from  observations 
made  in  the  summer  of  1852,  to  determine  the  difference  of 
longitude  between  Seaton  Station,  in  Washington,  District  of 
Columbia,  and  Roslyn  Station,  near  Petersburgh,  Virginia.  The 
observations  at  Seaton  were  recorded  upon  Bond's  spring  govern- 
or, and  those  at  Roslyn  upon  Saxton's  register,  and  also  a  Morse 
register.  The  diaphragms  of  the  transits  consisted  of  twenty- 
five  wires,  arranged  in  groups  of  five.  The  following  are  the  ob- 
servations of  star  6150,  British  Association  Catalogue,  July  7, 
1852,  with  the  complete  reduction  for  determining  the  clock  error : 
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S«aton  Station. 

Roalyn  Station. 

k.    m.          a. 

k.    m.         a. 

Mean  of  all  the  wires,          18  2    9-341 

18  3  45.108 

Redaction  to  middle  wire,             +.030 

.000 

Diurnal  aberration,                        —.018 

-.018 

Level  correction,                             —.014 

-.076 

Azimuth  correction,                        —.082 

-.156 

CoUimation  correction,                   —.106 

-.192 

Personal  equation,                          — .  146 

-.000 

Sum,                                    18  2    9.005 

18  3  44.666 

Star's  right  ascension,         18  1  48.288 

18  1  48.288 

Clock  error,                                    20.717 

1  56.378 

The  following  table  shows  the  clock  errors, 

derived  in  a  sim- 

ilar  manner,  ftom  the  transits  of  15  stars,  on 

the  night  of  July 

7th: 

^tmr 

'Diffl^TAVM^A 

oUu. 

Smton. 

R<Mlyn. 

i/uiexvnco> 

«. 

m.          «. 

m.          s. 

6150,  B.  A.  C. 

20.717 

1  56.378 

1  36.661 

6268        " 

21.214 

56.710 

35.496 

6355        « 

20.977 

56.539 

36.562 

6404        " 

21.134 

56.705 

35.571 

6599        « 

20.912 

66.535 

35.623 

6667        " 

20.942 

56.663 

35.721 

6722        " 

21.023 

56.662 

35.629 

6784       " 

20.964 

56.669 

36.695 

7048        " 

21.398 

56.909 

35.691 

7114       " 

21.183 

56.768 

35.585 

7204        « 

21.017 

56.739 

35.722 

7277        " 

21.034 

56.713 

36.679 

7333        " 

21.015 

56.642 

35.627 

7398        « 

20.938 

66.347 

36.409 

7521        " 
Mean  of  observi 

20.917 
itions  July  7,  : 

66.597 
L852 

35.680 

.     1  35.617 

Mean  of  all  the 

observations  oi 

a  six  nights  . 

.     1  35.603 

(315.)  This  method  of  observation  is  so  accurate  as  to  furnish 
a  tolerable  measurement  of  the  velocity  of  the  electric  fluid.  If 
the  fluid  requires  no  time  for  its  transmission,  then  the  signals 
given  at  either  station  ought  to  be  similarly  printed  at  all  the 
stations ;  and  the  fraction  of  a  second  registered  upon  any  one 
scale  should  be  identically  the  same  as  upon  every  other.  But 
if  the  fluid  requires  time  for  its  transmission,  these  fractions  will 
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be  different.  Suppose  the  clock  to  be  at  Washington ;  that  an 
arbitrary  signal  is  made  at  Cambridge ;  and  that  the  time  req- 
uisite for  the  transmission  of  a  signal  between  the  two  places  is 
the  thirtieth  of  a  second.  Then  the  clock-pause  will  be  regis- 
tered at  Cambridge  ^^^th  of  a  second  after  it  took  place  and  was 
recorded  at  Washington,  and  the  arbitrary  signal-pause  will  be 
recorded  at  Cambridge  as  soon  as  it  is  made,  or  ^th  of  a  second 
before  it  reaches  Washington.  We  shall  thus  have  the  interval 
between  the  signal-pause  and  the  preceding  clock-pause  longer 
at  Washington  than  at  Cambridge,  and  the  excess  on  the  Wash- 
ington register  will  measure  twice  the  time  consumed  in  the 
transmission  of  the  signals  between  the  two  stations. 

Thus,  in  the  following  figure,  let  the  upper  line  represent  a 
portion  of  the  Washington  time  scale,  corresponding  to  15,  16, 

Washington.  ^ -* P ^ -® 


Cambridge, 


15  16     A  17  fi 

etc.,  seconds,  and  the  lower  line  the  same  for  Cambridge,  each 
division  being  a  little  later  than  the  corresponding  one  for 
Washington.  Then,  if  an  arbitrary  signal  is  made  at  Cam- 
bridge between  16  and  17  seconds,  and  printed  at  A,  the  reo* 
ord  on  the  Washington  scale  will  be  at  B,  and  the  interval  from 
16  to  B  will  exceed  that  from  16  to  A  by  twice  the  time  con- 
sumed in  the  transmission  of  the  signals  from  Cambridge  to 
Washington. 

Numerous  observations  have  been  made  under  the  direction 
of  the  superintendent  of  the  Coast  Survey  for  the  purpose  of  de- 
termining the  velocity  of  the  electric  fluid,  and  the  general  re- 
sult is  about  16,000  miles  a  second. 


Section   III. 

LONGITUDE    DETERMINED    BY    MOON-CULKINATINO    STARS. 

(316.)  The  moon's  motion  in  right  ascension  is  very  rapid, 
amounting  to  about  one  minute  in  arc  for  every  two  minutes 
of  time. 

If,  then,  the  right  ascension  of  the  moon  has  been  observed  at 
two  different  stations,  we  may  infer  the  difference  of  longitude 
of  the  two  meridians  from  the  difference  of  the  observed  right 
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ascensions  compared  with  the  times  of  observation.  If  we  have 
a  transit  instrument  adjusted  to  the  meridian,  and  observe  the 
passage  of  the  moon's  limb  and  some  known  star,  we  can  deduce 
the  right  ascension  of  the  moon's  limb  from  the  known  right  as- 
cension of  the  star.  If  we  select  for  comparison  a  star  which  is 
near  the  moon,  the  errors  of  the  instrument  will  have  but  little 
influence  upon  the  result,  since  these  errors  will  be  nearly  the 
same  for  the  moon  and  star.  The  English  and  American  Nau- 
tical Almanacs  both  furnish  the  moon's  place  and  those  of  cer- 
tain neighboring  stars  on  every  day  upon  which  it  is  possible  to 
observe  the  moon.  These  stars  are  called,  moon-culminating 
stars,  and  are  generally  four  in  number  for  each  day,  two  pre- 
ceding and  two  following  the  moon,  and  nearly  on  the  same  par- 
allel of  declination. 

(317.)  The  Nautical  Almanac  furnishes  the  right  ascension 
of  the  moon's  bright  limb  for  the  lower  as  well  as  the  upper  cul- 
mination, L.  C.  being  put  to  denote  the  lower  culmination,  and 
U.  C.  the  upper  culmination.  The  right  ascension  of  the  moon's 
bright  limb  is  given  for  every  day^  with  a  view  to  the  more  ac- 
curate determination  of  its  variation,  when  required.  It  also 
furnishes  the  variation  in  right  ascension  of  the  moon's  limb  in 
one  hour  of  longitude ;  that  is,  the  variation  during  the  interval 
of  her  transit  over  two  meridians,  equidistant  from  that  of  Green- 
wich, and  one  hour  distant  from  each  other.  These  numbers 
are  deduced  from  the  right  ascensions  of  the  bright  limby  and 
therefore  include  the  effect  produced  by  the  change  of  the  semi- 
diameter. 

(318.)  These  numbers  enable  us  to  determine  the  difference 
of  longitude  of  any  two  places  where  corresponding  observations 
of  the  moon's  limb  have  been  made.  The  observations  furnish 
the  right  ascension  of  the  moon's  bright  Umb  at  its  transit  over 
each  meridian,  which  we  will  represent  by  A  and  A^ ;  hence  we 
know  the  moon's  motion  in  right  ascension,  A^— A,  during  the 
interval  of  the  two  transits.  But  the  Almanac  furnishes  the  va- 
riation of  the  moon's  right  ascension  corresponding  to  one  hour, 
which  we  will  represent  by  V. 

We  shall  therefore  have  the  proportion 

V :  A^— A ::  1  hour :  the  difference  of  longitude. 

Ex,  1.  The  right  ascension  of  the  moon's  first  limb,  Septem- 
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ber  6, 1840,  was  observed  at  Washington  to  be  19h.  21nL  29.908., 
and  on  the  same  evening,  at  Hudson,  Ohio,  19h.  22m.  9.728.  Re- 
quired the  difference  of  longitude  of  the  two  places. 

Here  A"-A=39.82s. 

That  value  of  Y  must  be  taken  which  corresponds  to  the  mid- 
dle of  the  interval  between  the  observations,  which  is  found  by 
interpolation  to  be  136.65s.     Hence  we  have 

135.668. :  39.82s. ::  1  hour :  17m.  37.66s., 
which  is  the  required  difference  of  longitude. 

(319.)  Since  the  moon's  motion  in  right  ascension  is  not  uni- 
form, this  method  of  reduction  can  not  be  relied  upon  when  the 
distance  between  the  meridians  is  considerable.  The  following 
method  in  such  cases  is  to  be  preferred : 

Let  6)  represent  the  approximate  longitude  of  the  station  to 
be  compared  with  Greenwich,  as  Washington,  for  example,  and 
a+x  the  true  longitude  to  be  determined.  Let  A  and  A^  be  the 
observed  right  ascensions  of  the  moon's  limb  at  the  moments  of 
its  passing  the  meridians  of  Greenwich  and  Washington  respect- 
ively. These  will  evidently  be  the  sidereal  times  of  her  transit 
at  those  places.  Find,  by  interpolation  from  the  Nautical  Al- 
manac, the  moon's  right  ascension  for  the  assumed  longitude  6), 
and  call  it  Af\  Now  A',  the  sidereal  time  of  transit  of  the 
moon's  limb  at  Washington,  is  her  right  ascension  for  the  true 
longitude  a>+x,  and  consequently  A^— A^^  is  the  increase  of  the 
moon's  right  ascension  for  the  small  arc  of  longitude  x. 

Let  m^=A^  —  A=the  observed  increase  of  right  ascension  of 
the  moon's  limb  between  the  two  me- 
ridians. 
w=A'^— A=the  increase  computed  for  the  assumed 
longitude  o). 

Then  w^— 7»=A'— A^^=the  excess  of  the  observed  increase 
above  the  computed  increase. 

And  we  shall  have 

m:ci>::in^—m:x; 

that  is,  a;=— (w^— f»). 

The  true  longitude =6)+^. 

Ex.  2.  The  increase  of  right  ascension  of  the  moon's  bright 
limb  between  her  transits  over  the  meridians  of  Greenwich  and 
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Hudson,  OMo,  September  6, 1840,  was  found  to  be  12m.  17.9d& 
Required  the  difference  of  longitude. 

According  to  the  Nautical  Almanac,  the  right  ascension  of  the 
moon's  bright  limb  for  Grreenwich  transit  was, 


Date. 


Sept.  6,  U.  C. 

L.  C. 
"    6,  U.  C. 

L.  C. 
"    7,  U.  C. 

L.  0. 


R.  A.  Moon's 
Limb. 


k.  m.      9. 

18  14  45.36 

18  42  S5.84 

19  9  51.52 

19  36  56.63 

20  3  37.08 
20  29  50.72 


+27  40.48 
+27  25.68 
^^  =  -1-27  5.11 
+26  40.45 
+26  13.64 


D". 


-14.80 
c,= -20.57 
Co  =  -24.66 

-26.81 


-5.77 
d,=  -4.09 
-2.15 


er,  =  +  1.94 


and  the  successive  orders  of  differences  are  found  as  above. 
Hence  we  have,  by  Art.  223, 

+  1625.11s.     I     -22'615s.      |      -4098.      |      +l!81s. 
We  will  assume  (a  to  be  Sh.  25m.  40s.     The  process  for  find- 
ing the  value  of  A^^— A,  by  Art.  223,  will  be  as  follows : 
5h.25m.408.=   19540s. =4.2909246  log.  <(^-l)=9.3940» 

12h.=  43200s.=4.6354837   /-i  =  -. 047685 =8.6784» 
t=  ,452315=9.6554409  6  comp.=9.2218 

6=1625.11s.  =3.2108828  rf= -4.09s. =0611771 

+735.061s.=2:8663237  -0.008s. =7.9059» 

log.  <(/-l)=9.3940» 


log.  <=9.65544 
<-l=-.547685=9.73853« 
2  corap.=9.69897 
c=-22.615s.=1.35440yi 
+2.801s.=0.44734 


/+1=    1.452315=0.1621 

<-2=-1.547686=0.1897» 

24  comp.=a6198 

e=+1.81s.=0.2577 

+0.042s.=8.6233 


Hence 

A'^-A=w=735.061s.4-2.80l8.-.008s.+.042s.=737.896s. 
But  w'= 737.95s. = the  observed  increase  of  right  ascension. 
Hence  m^— m= + 0.054s. = the  observed  excess. 
Therefore 

737.896s. :  19540s. ::  0.054s. :  a;= 1.43s. 

The  assumed  Jongitude  was 5h.  25m.  40s. 

The  correction  is +-1.43s. 

The  longitude  from  this  observation  is .  .  5h.  25m.  41.43s. 
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(320.)  The  increase  of  right  ascension  of  the  moon's  bright 
limb  should,  if  possible,  be  derived  from  actual  observations  at 
Greenwich ;  or,  at  all  events,  the  errors  of  the  tables  should  be 
corrected  by  observations  at  some  standard  observatory. 

The  chief  disadvantage  of  this  method  consists  in  this  cir- 
cumstance, that  an  error  in  the  observed  increase  of  right  as- 
cension will  produce  an  error  between  20  and  30  times  as  great 
in  the  computed  longitude.  The  increase  of  right  ascension  of 
the  moon's  limb  in  one  hour  of  longitude  varies  from  112  seconds 
to  180  seconds.  In  the  former  case,  an  error  of  one  second  in 
the  observed  increase  of  right  ascension  would  cause  an  error 
of  32  seconds  in  the  deduced  longitude ;  and  in  the  latter  case, 
it  would  cause  an  error  of  20  seconds.  Hence,  to  obtain  a  sat- 
isfactory result  by  this  method,  requires  a  series  of  observations 
made  with  the  utmost  care,  and  continued  through  a  long  period 
of  time. 

(321.)  It  is  found  that  telescopes  of  different  optical  power  do 
not  exhibit  the  moon  of  the  same  diameter ;  and  the  determina- 
tion of  longitude  from  a  single  observed  moon-culmination  is  al- 
ways liable  to  error  from  this  source.  In  order  to  eliminate  this 
error,  we  should  so  arrange  the  series  of  observations  that  the 
error  shall  sometimes  be  in  excess,  and  at  other  times  in  defect ; 
and  this  is  accomplished  by  observing  successively  both  limbs  of 
the  moon ;  that  is,  by  observations  of  the  first  limb  before  fiill 
moon,  and  of  the  second  limb  after  full  moon.  The  observer 
should  also  take  care  that  the  apparent  diameter  of  the  moon  is 
not  magnified  by  imperfect  optical  adjustment  of  his  telescope ; 
for  which  purpose  he  must  see  that  the  eye-piece  is  accurately 
adjusted  to  the  focus,  in  order  that  the  moon  and  the  spider  hues 
may  both  appear  sharp  and  distinct  at  the  same  time. 

(322.)  The  method  of  determining  longitude  by  lunar  dis- 
tances is  closely  allied  to  the  method  of  moon-culminating  stars ; 
but  this  method,  being  little  used  in  fixed  observatories,  is  not 
treated  of  in  the  present  volume.  The  common  mode  of  re- 
ducing a  lunar  distance  yields  very  imperfect  results ;  but  in  the 
American  Nautical  Almanac  for  1855,  Professor  Chauvenet  has 
given  a  method  of  making  the  reductions  with  .entire  accuracy, 
and  has  furnished  tables  by  which  the  computations  aro  made 
with  great  facility. 
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Section  IV. 

LONGITUDE  DETERMINED  FROM  OCCULTATIONS  OF  STARS,  BY  FINDING 
THE   TIME    OF   TRUE    CONJUNCTION. 

(323.)  On  account  of  the  moon's  parallax,  it  often  happens 
that  a  star  which  is  occulted  by  the  moon  to  an  observer  at  one 
station  is  not  occulted  at  a  second  station,  or  the  occultation  be- 
gins at  a  different  instant  of  time.  We  can  not,  therefore,  use 
an  occultation  as  an  instantaneous  signal  for  comparing  directly 
the  local  times  at  the  two  stations ;  but  we  may  deduce  from 
the  observed  occultation  the  time  of  true  conjunction  of  the 
moon  and  star ;  that  is,  the  time  of  conjunction  as  seen  from  the 
centre  of  the  earth ;  and  this  is  a  phenomenon  which  happens 
at  the  same  absolute  instant  for  every  observer  on  the  earth's 
surface.  For  this  purpose,  we  must  determine  from  the  ob- 
served instant  of  immersion  or  emersion, 

1^/.  The  apparent  differenoe  of  right  asoension  between  the 
moon  and  star. 

2d*  The  true  difference  of  right  ascension  between  the  moon 
and  star. 

3d.  The  time  of  true  conjunction. 

(324.)  In  the  annexed  figure,  let  P  represent 

the  pole  of  the  equator,  M  the  centre  of  the  moon, 

and  S  the  star  at  the  instant  of  immersion,  when 

its  apparent  distance  from  the  moon's  centre  is 

equal  to  the  moon's  semi-diameter.     Let  SD  be  a 

parallel  of  declination,  passing  through  S,  and  let 

AB  be  the  arc  of  the  equator,  intercepted  between 

the  hour  circles  PS  and  PM  prolonged.    Then  MD 

is  the  apparent  difference  of  declinations  between 

the  star  and  the  moon's  centre,  which  we  will  rep- 

SD 
resent  by  3 ;  and —  is  their  apparent  difference  of  right  as- 

COS.  Jxo 

censions,  which  we  will  represent  by  a.    Also,  we  will  represent 
SM,  the  moon's  semi-diameter,  by  A. 

Now  the  triangle  SMD  being  necessarily  very  small,  we  may 
regard  it  as  a  plane  triangle,  and  we  shall  have 
SD»=A^-d^=(A+<5)(A-<J). 
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Whence  ^J{A+6K^-6) 

COS.  a 
putting  d  for  AS,  or,  more  properly,  J(AS+BM). 

If  we  represent  the  moon's  parallax  in  right  ascension  by  tt, 
the  diiference  between  the  true  right  ascensions  of  the  moon  and 
star  will  be  represented  by 

The  time  required  by  the  moon  to  describe  this  arc  may  bo 

found  by  the  proportion 

771 :  3600s.  ::a=t:7r:^, 

where  m  is  the  hourly  motion  of  the  moon  in  right  ascension, 

corresponding  to  the  middle  of  the  interval  between  the  observed 

time  and  that  of  true  conjunction  of  the  moon  and  star. 

„  ,    3600,  ^   V 

Hence  t= (a±7r). 

m 

Let  T  represent  the  observed  instant  of  immersion  or  emer- 
sion ;  then  T±^  wiU  be  the  instant  of  the  true  conjunction. 

(325.)  If  the  ocGultation  has  been  observed  under  a  second 
meridian,  we  may  in  the  same  way  determine  the  instant  of  true 
conjunction  at  the  second  place.  Now  the  absolute  instant  of 
this  phenomenon  is  the  same  for  both  places ;  hence  the  differ- 
ence of  the  two  results  thus  obtained  is  the  difference  of  longi- 
tude of  the  two  stations.  If  the  two  stations  are  not  very  re- 
mote, the  effect  of  any  small  error  in  the  tables  of  the  moon  will 
be  partially  eliminated  from  the  result.  If  the  occultation  has 
not  been  observed  under  a  second  meridian,  we  must  calculate 
the  time  of  true  conjunction  for  G-reenwich  according  to  the  ta- 
bles, and  compare  this  time  with  that  deduced  from  the  observa- 
tion. 

Example.  The  immersion  of  tj  Tauri  was  observed  at  the 
High  School  Observatory,  Philadelphia,  July  6,  1839,  at  16h. 
30m.  25.39s.  mean  time;  and  at  Hudson,  Ohio,  at  16h.  2m. 
21.67s.  mean  time.  Required  the  difference  of  longitude  of  the 
two  places. 

We  will  assume  the  longitude  of  Philadelphia  to  be  5h.  Om. 
42.5s.,  and  that  of  Hudson  to  be  5h.  25m.  41.38. ;  the  corre- 
sponding Grreenwich  times  of  observation  will  be  21h.  31m. 
7.89s.,  and  21h.  28m.  2.97s. 

For  21h.  31m.  7.89s.  Grreenwich  time,  the  moon's  equatorial 
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parallax,  by  Adams'  Tables,  is  69^  41^^7,  which,  reduced  to  the 
latitude  of  Philadelphia,  is  59''  36^^.8.  The  moon's  parallax  in 
right  ascension  for  this  case  was  computed  in  Ex.  1,  page  189, 
and  found  to  be  44^  ITW.  The  parallax  in  declination  was 
computed  in  Ex.  1,  page  194,  and  found  to  be  26^  KKM.  The 
•  moon's  true  semi-diameter  is  16^  16^^.0.  The  augmentation  was 
computed  in  Ex.  2,  page  201,  and  found  to  be  10^M5.  Hence 
the  augmented  semi  -  diameter  is  16^  26^^2=A.  Also,  m= 
2286^^2. 

The  moon's  true  declination  .  .  =24t^    5"  W'.e  N. 

Parallax  in  declination =         26^  W.l 

Moon's  apparent  decUnation  .  .  =23°  39^     V\5 

Star's  declination =23°  36^  17^M 

<Ji=differeno6 =~      2^14^4 =164^^4. 

Hence  A+<5= 1160^6 

A-(5=  82r^8 

rf=:23o  37"  39"^3 

a= apparent  difference  of  E.  a,^v^1150.6x82L8  ^  io6r^9 

COS.  a 

7r=265rM 

a+7r=the  true  difference  of  right  ascension =3719^^0 

,    3719.0x3600     -„^^       ,,    ^„      ^^^ 
ooQfio — = 5856.2s.  =  lh.  37m.  36.2s., 

which,  added  to  16h.  30m.  26.39s.,  gives  18h.  8m.  1.59s.  for  the 
Philadelphia  time  of  true  conjunction. 

So  also  for  21h.  28m.  2.97s.  Greenwich  time,  the  moon's  equa- 
torial parallax  is  59"  41''".7,  which,  reduced  to  the  latitude  of 
Hudson,  is  59"  36"  .5.  The  moon's  parallax  in  right  ascension 
for  this  case  was  computed  in  Ex.  3,  page  190,  and  found  to  be 
45"  56"".5.  The  parallax  in  declination  was  computed  in  Ex.  3, 
page  195,  and  found  to  be  29"  17"".9.  The  augmentation  of  the 
moon's  semi-diameter  was  computed  in  Ex.  4,  page  201,  and 
found  to  be  8"".9.  Hence  the  augmented  semi-diameter  is  16" 
24"".9=A.    Also,  m=2286'M. 

The  moon's  true  declination =24°     4"  41"".7 

Parallax  in  declination =         29"  17"".9 

Moon's  apparent  declination =23°  36"  23'".8 

Star's  declination =23o  36"  17  ".1 

d=difference =  53"".3 
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Hence  A+<J= 1038^^2 

A-d=  93r^6 

rf=23o  35^  6(K^4 

a= apparent  difference  of  R.  A.= '■ — z — ^=1073^^2. 

'^'^  COS.  a 

Tr=2766^ 

a+7r=the  true  difference  of  right  ascension   .  .  •  =3829^^7 

^     3829.7x3600    ^nono       lu  /in      ono 
^= — ooQgi =  6030.8s.  =  In.  40m.  30.8s., 

which,  added  to  16h.  2m.  21.67s.,  gives  17L  42m.  62.47s.  for  the 
Hudson  time  of  true  conjunction. 

Subtracting  the  Hudson  time  of  true  conjunction  from  the 
Philadelphia  time,  we  obtain  25m.  9.1s.,  which  is,  therefore,  the 
difference  of  longitude  of  the  two  places,  as  determined  by  these 
observations. 


Section  V. 


LONGITUDE    DETERMINED    FROM    OCCULTATIONS   OF  STARS    BY  USING 
THE    moon's    MOTION    IN    ITS    APPARENT   ORBIT. 

(326.)  From  the  supposed  longitude  of  the  place  we  must  de- 
duce the  Greenwich  time  of  the  observation,  and  for  this  time 
find  the  true  place  of  the  moon,  and  compute  its  parallax  in  right 
ascension  and  declination,  from  which  we  derive  the  moon's  ap- 
parent place.  Subtracting  the  place  of  the  moon  from  that  of 
the  occulted  star,  we  obtain  the  apparent  distance  of  the  star 
from  the  moon's  centre.  If  this  distance  is  equal  to  the  moon's 
semi-diameter,  augmented  for  its  apparent  altitude,  the  assumed 
longitude  is  correct ;  but  if  these  quantities  are  not  equal,  the 
assumed  longitude  is  erroneous,  and  the  correction  of  the  longi- 
tude may  be  obtained  according  to  the  principles  of  Section  HI. 
of  Chapter  XI. 

It  is  here  supposed  that  the  places  of  the  moon  given  in  the 
Nautical  Almanac  are  perfectly  correct.  In  order  that  the  longi- 
tude may  be  obtained  with  the  greatest  accuracy,  the  correc- 
tions of  the  tables  should  be  deduced  from  observations  at  some 
place  whose  longitude  is  well  known,  and  these  corrections  should 
be  applied  to  the  tabular  places  before  computing  the  distance 
between  the  moon  and  star. 
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Example.  The  immersion  of  a  Tauri  was  olseerved  at  Cam- 
bridge,  January  23, 1850,  at  7h.  14m.  39.05s.  mean  time ;  the 
emersion  at  8h.  29m.  50.25s.  mean  time.  Required  the  longi- 
tude of  Cambridge  from  Greenwioh. 

Assuming  the  longitude  of  Cambridge  from  Greenwich  to  be 
41l  44m.  3Gh3.,  the  corresponding  Greenwioh  times  of  immersion 
and  emersion  will  be  llh.  59m.  9.05s.,  and  13h.  14m.  20.25s. 
For  these  times  we  find  the  right  asoension  and  decUnation  of 
the  moon  from  the  Nautical  Almanac,  and  apply  the  corrections 
found  on  page  340.  At  the  time  of  immersion,  the  moon's  hour 
angle  was  14^  46^  11^^85  E. ;  its  horizontal  parallax,  reduced 
to  the  latitude  of  Cambridge,  was  59^  44^^.6 ;  and  its  semi-diam- 
eter, augmented  for  altitude,  16^  33^''.4.  At  the  time  of  emer- 
sion, the  hour  angle  was  3°  18^  12^^.95  W. ;  its  reduced  hori- 
zontal parallax,  59^  47^''.0 ;  and  its  augmented  semi-diameter, 
16^  34^^6.    Hence  we  obtain  the  following  results : 


For  Immenion.            | 

For  EmeraloD.             | 

Moon*8  true  place 

Correction  to  do 

R.A. 

k,  m.      9. 
4  25  34.12 
-0.62 
47.70 

D«c. 
16  29  58.6  N. 

-2.r 

26  43.5     1 

R.A. 
h.  m.      9. 
4  28  40.02 
-0.62 
10.80 
4  28  28.70 
4  27  19.54 

D«c. 

16  38    5.3  N. 
-2.3 
26  13.2 

Moon's  apparent  place  . . . 
Star's  place 

4  26  21.30 
4  27  19.54 

16     3  12.7 
16  12    8.4 

16  U  49.8 
16  12    3.4 

Difference 

58.24 
839.5 

8  50.7 

1     9.16 
996.2 

13.6 
12.9 

Reduced  to  seconds  of  arc . 

530.2 

The  hourly  motion  in  right  asoension  is  1464''.9,  and  in  dec- 
lination 412".8. 
Hence,  in  the  triangle  HUU'  (see  fig.  next  page), 
1464".9 : 412".8 ::  1 :  tang.  HMM'= 16°  44'  16"J8, 
008.  HMM' :  1 ::  1464".9 :  MM'= 1621".97, 
whioh  is  the  hourly  motion  in  orbit 
In  the  triangle  DSU, 

630".2 :  839".5 ::  1 :  tang.  DSM=67«>  43'  33"5, 
sin.  DSM :  839".6 ::  1 :  SM=992".94. 
Hence  MSC = 73°  27'  49".4, 

1 :  992".94 ::  cos.  MSC :  SC=282".6, 
SB=993".4 :  282".6 ::  1 :  cos.  BSC =73«>  28'  17".8. 
Hence  BSM=28".4, 

sin.  SBH :  992".94 ::  sin.  BSM :  BH=0".48. 
The  time  of  descrihiiig  BM= 1.14s.,  which  is  the  conection 

X 
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to  the  assumed  bngitade,  as  deduced  firom  the  obsenred  im- 
mersion. 


IZ^'.d :  996^^2 ::  1 :  tang.  DSM^  =  89o  15.  29^^2, 
sin.  DSM' :  996^^2 ::  1 :  SM' = 996^^31. 
Hence  M^SC = 73°  31^  13^^0, 

994^^6: 282^^6::!  :00s.  ESC=73o  29^  31'^?. 
Hence  ESM^=r  4r^3, 

sin.  SEM^ :  996^^31 ::  sin.  ESM^ :  EM'= r^72. 
The  time  of  describing  EM^= 4.07s.,  which  is  the  correction 
to  the  assnmed  longitade,  as  deduced  from  the  observed  emer- 
sion. 
Hence  the  longitude  of  Cambridge,  derived  from  the  observed 
Immersion,  is  .  .  4h.44m.  30s.— 1.14s. =4h.  44m.  28.868. 
Emersion, is.  .  .  4h. 44m. 30s.— 4.07s. =4h. 44m. 25.93s. 

The  mean  of  the  two  results  is 4h.  44m.  27.40s. 

In  a  similar  manner,  we  may  determine  the  longitude  from  a 
solar  eclipse. 


Section  VI. 

bessel's  method  op  computing  the  longitude  of  a  place,  and 
the  error  of  the  tables,  from  observations  of  a  solar 

ECLIPSE. 

(327.)  We  obtain  directly  from  observation  either  the  sidereal 
time  or  the  apparent  solar  time  of  the  different  phases  of  an 
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eclipse ;  but  to  deduce  the  corresponding  mean  time  requires  at 
least  an  approximate  knowledge  of  the  longitude  of  the  place. 
We  may,  however,  generally  assume  that  the  longitude  is  known 
with  sufficient  precision  to  enable  us,  without  material  error,  to 
deduce  the  mean  time  from  the  known  sidereal  time,  or  apparent 
solar  time.  We  shall,  therefore,  suppose  that  both  the  sidereal 
time  and  the  mean  time  of  the  phases  of  an  eclipse  are  known, 
and  also  the  latitude  of  the  place  of  observation. 

(328.)  The  general  elements  of  the  eclipse  in  question.  A,  D, 
«,  /,  Xy  y,  and;r,  must  be  computed  from  hour^to  hour  for  the 
mean  time  of  the  meridian  of  the  ephemeris,  and  these  hours 
must  be  so  selected  as  to  comprehend  the  entire  duration  of  the 
eclipse.  The  formulas  for  these  quantities  have  been  given  on 
page  277. 

The  values  of  A,  D,  and  t  change  but  slowly,  and  we  may  as- 
sume them  to  be  pretty  accurately  known  for  the  time  of  ob- 
servation ;  for  i  is  extremely  small,  while  A  and  D  depend  chiefly 
upon  the  place  of  the  sun,  which  the  tables  furnish  with  tolera- 
ble precision.  Indeed,  this  assumption  is  a  necessary  one,  for 
it  is  impossible  from  the  observations  of  an  eclipse  to  detect  any 
error  which  may  exist  in  these  values.  The  errors,  however, 
existing  in  the  assumed  values  of  x,  y,  and  /  may  be  determined 
with  great  accuracy ;  and  we  shall  therefore  substitute  for  these 
quantities  the  expressions  a;+Aa;,  y+Ay,  Z+A/,  where  Aa;,  Ay, 
and  A/  represent  the  errors  of  x,  y,  and  /,  of  which  we  are  in 
search.  Equation  (5),  page  267,  accordingly  becomes 
(a;+Arc-i)H(y+Ay-77)*=(/+AZ-tO^ 

(329.)  Let  now  the  values  of  a,  d,  tt,  a'','  d\  and  tt^\  be  taken 
from  the  ephemeris  for  the  time  T  of  the  first  meridian.  Let 
T  +  T^  represent  the  required  time  of  the  first  meridian  at  which 
a  phase  of  an  eclipse  was  observed.  Let  Xo  and  y^  denote  the 
values  of  x  and  y  for  the  time  T,  and  xf  and  y^  the  hourly  varia- 
tions of  X  and  y;  then  we  shall  have 

x=Xo+xfT!%  and  y=yo+y'T^ 

We  may,  in  the  same  manner,  consider  f ,  77,  and  <  as  also  com- 
posed of  two  parts.  Since,  however,  these  magnitudes  change 
but  slowly,  and  we  generally  have  an  approximate  knowledge 
of  the  difference  of  longitude,  and  consequently  the  time  of  the 
first  meridian  corresponding  to  the  time  of  observation,  we  may 
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assume  these  quantities  as  known  for  this  time.     The  preceding 
equation  therefore  becomes 

(330.)  If  the  variations  of  x  and  p  were  proportional  to  the 
time,  x^  and  y^  would  be  constant,  and  the  knowledge  of  the 
time  T+T''  would  not  be  necessary  for  computing  them.  This, 
however,  is  not  the  case ;  but  since  the  variations  of  x^  and  ^ 
are  small  in  comparison  with  those  of  x  and  ^,  the  above  equa- 
tion may  be  solved  by  successive  approximations,  which  rapidly 
converge  to  the  truth. 

Let  us  assume 

m  sin.  M=Xo— f,  n  sin.  N=x', 

a»  COS.  M=yo— ^j  ncos.  N=y', 

the  preceding  equation  will  become 

(h+My={m  sin.  ilL+nT  sin.  N+Ax)» 
+  {m  COS.  M+nT'  cos.  N+Ay)*. 

Substitute  for  L  its  value 'A -,  and  expand  the  seo- 

sm.  V» 

ond  member  of  this  equation,  remembering  that  m^  sin.^  yi+m^ 

COS.*  M=m*,  we  obtain 

C  '^J^^^^+^A'=^'+2^^T-  <^-  (M-N)+n»T^ 

+2^x{m  sin.  M+nT"  sin.  N)^-(Az)^ 
+2Ay(«»  cos.  U+nT  cos.  N)+(Ay)% 
=:[nT+m  COS.  (M-N)+Az  sin-N+A^^  cos.  N}', 
+  {m  sin.  (M-N)+Az  cos.  N-Ay  sin.  Np. 
Let  us  put        nk=:^x  sin.  N+Ay  cos.  N, 
nV=— AX  cos.  N+Ay  sin.  N, 
and  we  shall  have 

j  ^tilBl^zN) +a4'=  {«T'+m  COS.  (M-N)+«A}» 
(         Sin.  rj)  )  ^ 

+  {wsin.  (M-N)-nA^P, 


or 


[nT+m  COS.  (M-N)+»A}»=i-^^8in.  (M-N)+A/r 

( sm.  rp  ) 

-{wsin.  (M-N)-n;i'P 
sm.«  (M-N)+^^  sin.  (M-N)A/ 


-m*  8in.»  (M-N)+2iiin;i'  sin.  (M-N) 
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=L»  COS.'  xl)+2LM+2Lny  sin.  fl>, 
where  we  have  neglected  the  small  tenns  ^P  and  n^k'^. 

Extracting  the  square  root,  and  neglecting  the  higher  powers 
of  At  and  nk',  we  have 

7»T'+i?ico8.  (M  — N)+^A=  :f  {Loos.'^+A/sec.'^+wA^tang.  V^}, 
or 

T=  Jm:  cos.  (M-N)=F^^-^^^-Aq:A'  tang,  ^b^—  sec.  V, 

n^,        m  sin.  (M— N±V)     •»     w^  ,     ^^ 

or     T^= . ^  . ^^'--A:FA,'tanff.  iZjqF—  sec. -0. 

n  sin.  \p  n 

(331.)  Since  now  the  time  of  immersion  is  always  earlier  than 
that  of  emersion,  T^,  for  an  immersion,  must  have  a  less  positive 
value,  or  a  greater  negative  value,  than  for  emersion.  Hence, 
if  we  always  take  the  angle  ^  either  in  the  first  or  fourth  quad- 
rant, the  upper  sign  belongs  to  an  immersion,  the  lower  to  an 
emersion.  If,  however,  for  an  immersion  we  take  ^  in  the  first 
or  fourth  quadrant,  but  for  an  emersion  in  the  second  or  third 
quadrant,  we  shall  have  in  either  case, 

^,        msin.  (M— N+V^)     .     wx         ,     ^l 

T'= ^-: —^—X—X^  tang.  -0 sec.  i/;, 

n  sm;  ^  n 

or 

T^= -- cos.  (M~N)-?i^5?l^-A-r  tang.  V^-- sec.  V^ .  (1) 

In  the  case  of  annular  eclipses,  at  the  internal  contact  the 
emersion  precedes  the  immersion.  We  must,  therefore,  in  this 
case,  for  the  immersion,  take  0  in  the  second  or  third  quadrant, 
and  for  the  emersion  in  the  first  or  fourth. 

(333.)  Equation  (1)  may  be  solved  by  successive  approxima- 
tions. We  must,  for  this  purpose,  compute  the  values  of  re,  y,  z, 
A,  D,  gy  Ij  and  «,  for  several  successive  hours,  so  that  the  values 
of  Zq  and  Poy  ^  ^^U  ^^  their  hourly  variations,  can  be  found 
for  any  time  by  interpolation.  We  then  assume  a  time,  T,  as 
accurate  as  the  provisional  knowledge  of  the  difference  of  longi- 
tude will  permit,  and  interpolate  for  this  time  the  quantities  Xqj 
Poj  ^j  aiid  y^,  and  thence  find,  by  formula  (1),  an  approximate 
value  of  T''.  With  the  value  T  +  T^,  we  repeat,  if  necessary, 
the  preceding  computation.  Represent  by  T  the  value  assumed 
in  the  last  approximation,  and  the  correction  obtained  by  T^; 
then  T+T^^t—cjj  where  t  is  the  time  of  observation,  and  a>  the 
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east  longitude  of  the  station  firom  the  first  meridian,  by  which 
we  understand  that  meridian  whose  time  is  employed  in  the 
computation  of  x,  y,  z,  etc. 
We  therefore  have 

•fti  T  a/ 

6)=^-T+— COS.  (M-N)+- COS.  V+A+A^  tang. -0+— sec.  V» 
n  fi  n 

^    ny  .  m  sin.  (M— N+V»)  ,  ,  .  ^x         ,  .  ^'         ,    '    tc%\ 

=:^— Th ^-^ !-^+A+A,'tang.'0H —  8ec.t/»  .  .  (2) 

'   »  sm.  t/>  « 

(333.)  Since  the  mean  solar  hour  has  been  employed  as  the 
unit  in  the  values  of  x^  and  ^,  the  preceding  formula  supposes 
the  same  unit  of  time  for  o).  If  we  wish  to  obtain  the  differ- 
ence of  longitude  in  seconds  of  time,  we  must  multiply  the  form- 
ula by  5,  the  number  of  seconds  belonging  to  an  hour  of  that 
species  of  time  in  which  the  observation  is  expressed ;  ^— T  will 
then  be  expressed  in  seconds  of  the  same  kind  of  time  in  which 
t  is  given ;  or  T  represents  the  same  kind  of  time  with  L 

Equation  (2)  does  not  properly  furnish  the  difference  of  longi- 
tude of  the  place  of  observation  from  the  first  meridian,  but 
rather  the  relation  between  this  quantity  and  the  errors  of  the 
elements  employed.  If  the  same  eclipse  has  been  observed  at 
different  places,  we  may  obtain  for  each  place  as  many  such 
equations  as  there  are  instants  of  observation.  By  combining 
these  equations,  we  may  eliminate,  as  will  be  seen  hereafter,  the 
error  of  one  or  more  of  the  elements  of  computation,  and  thus 
render  the  result,  as  far  as  possible,  independent  of  the  error  of 
the  tables. 

(334.)  We  must  now  develop  the  quantities  A  and  X'^  which 
are  determined  by  the  equations 

nk  =sin.  NAa;+cos.  NAy, 
«A,''=sin.  N Ay —COS.  NAa;. 

The  quantities  x  and  y,  as  will  be  seen  from  the  equations  on 
page  271 ,  depend  upon  a — A,  (5 — D,  and  tt.     If  we  assume  these 
magnitudes  to  require  correction,  we  shall  have 
Aa:=a  A(a— A)+6  A(d-D)+c  Att, 
Ay=a'A(a-A)  +  A'A((5-D)+c'Arr, 
where  a,  i,  c  are  the  differential  coefficients  of  x,  in  respect  to 
a— A,  d— D,  and  tt  ;  while  a^,  b%  and  &  are  the  same  differen- 
tial coefficients  of  y.     Since  A(a— A),  A((J—  D),  and  Att  are  very 
small  quantities,  in  the  expressions  for  the  differential  coeffi- 
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oients  we  may  neglect  the  terms  which  contain  sin.  (a— A)  and 
sin.  (d'-T))  as  factors,  and  assume  cos.  (a— A)  and  cos.  (6— D) 
as  equal  to  unity.  We  thus  obtain,  by  differentiating  the  val- 
ues of  2;  and  y  on  page  271, 

COS.  d         ,       .  X     00s.  6 
COS.  (a— A)=- 


sm.  TT         ^         '     sm.7r 

,  ___sin.  d  sin.  (a— A)__q 
"^  sin.  TT  ' 

_     cos.  6  sin.  (a— A)  cos.  7r__  x 

""  sin.^7r  ""     tang,  n 

^_oos.  6  BJiL  D  sin,  (flt— A)^^ 
~"  sin.  n  "  ' 


_008.  (d-D)_     1 
I. 

y 


sm.  n         8m.7r 


tang,  tr 

(335.)  Since  now  X  and  A^,  as  also  A(a— A),  A(d— D),  and  Att 
are  expressed  in  parts  of  radius,  if  we  wish  to  obtain  the  errors 
of  the  elements  in  seconds,  these  differential  coefficients  must  be 
divided  by  206265.     Let  us,  then,  put 

206265.  n&iiLn' 
and  we  shaU  have 

X  =h  sin.  N  cos.  dA(a— A)+A  cos.  NA(d— D) 
—A  COS.  TT^nlx  sin.  N+y  cos.  N], 

X'=  —A  COS.  N  COS.  dA(a— A)+A  sin.  NA(d— D) 
+A  COS.  'trA7r[x  cos.  N— y  sin.  N]. 

If  we  multiply  the  former  equation  by  cos.  '^,  and  the  latter 
by  sin.  '0,  then  add  the  two  equations  together,  and  divide  by  A, 
we  shall  obtain 

[X+X'  tang,  ij]  ?!?|J!t=sm."(N-V^)  00s.  dA(a-A) 

+COS.  (N-V')A(d-D) 
—COS.  trA7r[a;  sin.  (N— '0)+y  cos.  (N— -0)]. 

Hence  we  obtain  from  equation  (2),  page  326, 
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,     ^  ,  m     sin.  (M  — N+V^)  ,  ,  sin.  (N— 0)         .^ .       . . 

w=/  — T-l — .s ^-^ —^+a ^ COS.  (5A(a— A) 

n  sin.  ip  COS.  '0 

^^008.(N-V,) 
COS.  \p 

/i.206265sin.  ttA/ 

006.  ^ 
—  A  COS.  TT^' 


Vx  sin.  (N-~'0)+y  COS.  (N—y))"] 
L  COS.  -0  J 


(336.)  Every  observation  of  the  instant  of  an  eclipse  furnishes 
one  equation  of  the  preceding  form,  and  as  this  contains  five  un- 
known quantities,  five  such  equations  are  sufficient  for  their  de- 
termination. The  magnitudes  A/  and  Att  can  not  generally  be 
determined,  unless  observations  are  made  at  places  widely  sep- 
arated from  each  other.  Nevertheless,  the  computation  of  the 
coefficients  will  always  show  what  influence  any  error  in  the 
values  of  TT  and  /  may  have  upon  the  result.  We  therefore  gen- 
erally seek  to  firee  the  difference  of  longitude  only  from  the  er- 
rors of  a  and  6 ;  but  the  value  of  Aa  can  not  be  determined  un- 
less we  know  the  longitude  of  one  of  the  stations  from  the  first 
meridian. 

(337.)  The  following  is  a  synopsis  of  the  preceding  results : 
Compute  the  values  of  e.  A,  D,  and  g,  also  the  co-ordinates 
Xj  y,  and  Zj  from  the  formulas,  page  277,  with  the  quantities 
t  and  /,  all  of  which  quantities  are  general  for  all  places  on  the 
earth. 

Compute  also  the  following  formuke ; 
f =p  COS.  <l/  sin.  (/i— A), 

fj^p  sin.  <l/  COS.  D— p  COS.  <l/  sin.  D  cos.  (/*— A), 

<=p  sin.  <l/  sin.  D+p  cos.  0'  cos.  D  cos.  (/i— A), 

where  all  the  symbols  have  the  same  signification  as  on  page 

278,  except  /i,  which  here  represents  the  observed  sidereal  time 

of  contact. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Xq  represent  the  value  of  x  for  the  time  T ; 
Po  represent  the  value  of  y  for  the  time  T ; 
x^  represent  the  hourly  variation  of  x  ; 
y^  represent  the  hourly  variation  of  y. 
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msin.  K=Zo—if 
moos.  M=yo— ^> 
nsin.  N=a/, 
noos,N=y^, 

sin.  V»=T^  sin.  (M— N). 

For  the  first  contact,  ^  must  be  taken  in  the  first  or  fourth 
quadrant ;  for  the  last  contact,  in  the  second  or  third  quadrant 

^,^     ^sin.  (M-N+V>)^     m  ^  (M    N)    ^  ^' ^. 
« sin.  ^  n  n      * 

Then 

COS.  -0 

COS.  -0  ^ 

where  ^=ofu;ogg = 5 

206265  •  n  sin.  tr 

5 =3600= the  number  of  seconds  in  an  hour ; 

^= observed  mean  time  of  contact. 

(338.)  Example.  On  the  28th  of  July,  1851,  occurred  an 

eclipse  of  the  sun,  which  was  observed  as  follows : 

Ai  Konigtherg,  Pnuna. 

Beginning 3h.  38m.  10.88.  Konigsberg  m.  t. 

Beginning  of  total  darkness   .  4h.  38m.  57.6s.  ^^ 

End  of  total  darkness   .  .  .  .  4h.  41m.  54.2s.  '' 

End 6h-  38m.  32.9s.  « 

Ai  WoMkingion,  District  of  Columbia. 

Beginning 7h.  21m.  31.2s.  A.H.  Washington  m.  t 

End 8h.  60m.  38.0s.  " 

It  is  required  to  determine  the  error  of  the  tables  and  the 
longitude  of  Washington. 

The  general  co-ordinates  for  this  eclipse  have  already  been 
given  on  pages  280  to  285.  Our  first  object  is  to  deduce  the 
error  of  the  tables  from  the  observations  at  Konigsberg. 
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Hence  we  obtain  the  following  equations  for  Konigsberg: 
a)=lh.  22m.  48.20s.  + 1.6809 Aa-  .4118A<y, 
6>=lh.  22m.  46.97s.  + 1.7806 Aa+  .268lAd, 
<o=:lh.  22m.  44.24s. + 1.6677  Aa- 1.1749  Ad, 
6)=lh.  22m.  38.64s. +  1.6766  Aa-  .4341  Ad. 
If  we  assume  the  longitude  of  Konigsberg  equal  to  Ih.  22ro. 
0.6s.,  we  shedl  have 

0=47.70s.  + 1.6809  Aa-  .4118  Ad, 

0=46.47s.+1.7806Aa+  .268lAd, 

0=43.74s.  + 1.6677  Aa-1.1749  Ad, 

0=38.14s.-hl.6766Aa-  .434lAd. 

These  equations  should  be  solved  by  the  method  of  least 

squares,  explained  in  Art.  239.     Multiplying  each  equation  by 

the  coefficient  of  Aa  in  that  equation,  and  taking  the  sum  of  all 

these  products,  we  obtain 

0=296.4297+11.2638  Aa-2.7844  Ad. 
Multiplying  each  equation  by  the  coefficient  of  Ad  in  that 
equation,  and  taking  the  sum  of  all  these  products,  we  obtain 
0=-76.1291-2.7844Aa+1.8102Ad. 
Solving  these  equations  in  the  usual  manner,  we  find 
Ad  =  +1^^87= error  in  declination, 
COS.  dAa=- 25^77, 
or  the  error  in  right  ascension  =  —27^^26. 

Aa  in  the  above  equations  is  used,  for  the  sake  of  brevity,  in 
place  of  COS.  dAa.     The  error  in  right  ascension  is  multiplied  by 
COS.  d,  to  reduce  it  to  an  arc  of  a  great  circle. 
Computation  for  Washington. 


t 

Assume  T 

D 

poos,  (f/ 

sin.  (;t— A) 

log.f 

I 


Beginuing. 


7h.  21m.  31.23.  m.  t 
3h.  43m.  49.358.  s.  t. 
55°  57'  20".2 
^'=38°  42'  24".7 

0.5h. 

-71°  IC  8".2 
19°  4'59".7 
9.8917227 
9.9761089« 
9.8678316« 
-.737618 


End. 


8h.  60m.  38.08.  m.  t. 
5h.  13m.  10.79s.  s.  t 
78°  17'  41".8 
log.  p= 9.9994302 

2.0h. 

-48°  53'  20".0 
19°  4'  9".0 
9.8917227 
9.8770463« 
9.7687690« 
-.587177 


LONOITVDB. 


sua 


Begliinlng. 

Bnd. 

p  sin.  <t>^ 

9.7955437 

9.7955437 

COS.  D 

9.9754523 

9.9754892 

log.  (1) 

9.7709960 

9.7710329 

poos.  <f/ 

9.8917227 

9.8917227 

sin.  D 

9.5144703 

9.5141615 

008.  0*— A) 

9.5089050 

9.8179099 

log.  (2) 

8.9150980 

9.2237941 

(1) 

+  .590196 

+.590246 

(2) 

+.082243 

+  .167415 

(l)-(2)=^ 

+.507953 

+.422831 

p  sin.  if>^ 

9.7955437 

9.7955437 

sin.  D 

9.5144703 

9.6141615 

log.  (3) 

9.3100140 

9.3097052 

poos.  <f>' 

9.8917227 

9.8917227 

008.  D 

9.9754523 

9.9754892 

COS,  {ft— A) 

9.5089050 

9.8179099 

log.  (4) 

9.3760800 

9.6851218 

(3) 

+.204180 

+.204035 

(4) 

+  .237728 

+.484308 

(3)+(4)=4: 

+  .441908 

+.688343 

log.< 

9.6453318 

9.8378049 

log.  »■ 

7.6632448 

7.6632477 

log.  »•< 

7.3085766 

7.5010526 

/ 

.534242 

.534181 

»5 

.002035 

.003170 

/-»?=L 

.532207 

.531011 

«o 

-1.054056 

-0.199758 

f 

-0.737618 

-0.587177 

a;o-l 

-0.316438 

+0.387419 

^0 

+0.927049 

+0.802116 

»? 

+0.507953 

+0.422831 

yo-*? 

+0.419096 

+0.379285 

log.  {Xo-0 

9.5002887« 

9.5881809 

log-  (yo-»») 

9.6223135 

9.5789657 

tang.  M 

9.8779752» 

0.0092152 

k 

322°  56'  43".5 

45°  36'  28".2 

on.  M 

9.7800115« 

9.8540438 

m 

9.7202772 

9.7341371 
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Bi«inDiD(. 

Rod. 

3f 

+.669487 

+  .569644 

If 

-.083016 

-.083665 

log.  a:' 

9.7664838 

9.7666272 

log.y' 

8.9191666n 

8.9219724fi 

tang.  N 

0.8363272n 

0.8335648« 

N 

980  17'  37".2 

98°  20'  46".8 

sin.  N 

9.9964341 

9.9953761 

n 

9.7600497 

9.7601511 

M-N 

224°  39'  6".3 

307°  16'  42".4 

sm.  (M-N) 

9.8468292n 

9.9008463n 

m 

9.7202772 

9.7341371 

comp.  L 

0.2739194 

0.2748965 

sin.^ 

9.8410268m 

9.9098799fi 

V- 

3160    ^\\",z 

234°  21'    4".7 

M-N+V> 

180°  44'  47".6 

181°  36'  47".l 

am.  (M-N+V) 

8.1149272n 

8.4494768n 

m 

9.7202772 

9.7341371 

comp.  n 

0.2399603 

05398489 

coseo.  V> 

0.1689742« 

0.090120111 

5=3600 

3.6663026 

3.5663026 

log.  T' 

1.7904314 

2.0698864 

V 

-61.728. 

-117.46s. 

<_T-T' 

-6h.  7m.  27.08s. 

-5L  7m.  24.54s. 

N-v 

142°  11'  65".9 

223°  59'  41".l 

s=3600 

3.6663026 

3.5563025 

comp.  206265 

4.6865749 

4.6856749 

comp.  n 

0.2399503 

0.2398489 

ooeeo.  ff 

1.7547617 

1.7645665 

A 

0.2365894 

0.2362918 

sin.  (N-V) 

9.7874068 

9.841730011 

sec.  V 

0.1423731 

0.2344702n 

0.1663683 

0.3124920 

coefficient  of  cos.  6^a 

+  1.4668 

+2.0536 

h 

0.2366894 

0.2362918 

cos.  (N-V) 

9.8977066n 

9^569725fi 

sec.  V> 

0.1423731 

0.2344702m 

0.2766681« 

0.3277345 

coefficient  of  At) 

-1.8909 

+2.1268 

ton: 


Hence  we  obtain   the   follovring  equations   for  Washing* 


«=-5L  7m.  27.08s. +1.4668Aa-1.8909Ad, 
<i>=-6h.  7m.  24.64s.+2.0535Aa+2.1268Ad. 
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Employing  the  values  of  cos.  dAa  and  Ad,  found  on  page  334, 
we  obtain 

0)=  -5h.  7m.  27.08s.-37.79s.-3.54s.=  -5h.  8m.    8.41s. 

6)=-6h.  7m.  24.64s. -62,91s. +3.988. =-*5h.  8m.  13.47s. 

The  mean  of  the  two  results  is 

6)=-6h.  8m.  10.94s-, 
which  is  the  longitude  of  Washington  from  Greenwich,  accord- 
ing to  the  observations  of  the  solar  eclipse  of  July  28, 1861. 


Section  VJ.L 

bebbel's  method  op  computing  the  longitude  op  a  place  and 
the  error  op  the  tables  prom  an  observed  occultation. 

(339.)  The  formulas  of  the  preceding  section  are  applicable  to 
an  occultation  of  a  fixed  star,  with  the  modifications  indicated 
in  Art.  296.  The  computation  of  e,  A,  D,  g*,  t,  and  /  is  dis- 
pensed with,  as  also  2r  and  ^.  We  must  compute  the  values  of 
xemiy  from  the  formute 
_C08.  d  sin.  (a— A) 

X ; , 

sm.  TT 

sin.  (d-D)  cos.^  ^(a--A)+8in.<d+D)  sin.^  i(a-A) 
y  —  '       .  • 

sm.  TT 

Also  the  values  of  ^  and  97  from  the  formuke 
|=p  COS.  <l/  sin.  (jtt— A), 

^=p  sin.  0^  COS.  3>— p  COS.  if/  sin.  D  cos.  (]»— A), 
where  fi  represents  the  observed  sidereal  time  of  immersion  or 
emersion. 

Let  T  represent  the  approximate  time  of  the  first  meridian, 
corresponding  to  the  phase  observed. 

Let  Xo  represent  the  value  o{x  for  the  time  T ; 
Po  represent  the  value  of  1/  for  the  time  T ; 
a/  represent  the  hourly  variation  of  x  ; 
y  represent  the  hourly  variation  of  y. 
w  sin.  ^=Xo — f, 
m  COS.  M=yo— ^7j 
n  sin.  N=a:^, 
»cos.  N=y', 
Y 
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siiL  V'=-r  sin.  (M— N), 

iC 

log.  £=9.4353665. 
For  immersion,  ^  must  be  taken  in  the  first  or  fourth  quadi 
rant ;  for  emersion,  in  the  second  or  third  quadrant 
^,_     m  sin.  (M-N+V>)_ 
n  sin.  '^ 
Then 


W  y-l,  T.T\  A    cos.    -0 

—  COS.  (M— N) ^. 


where 


COS.  V'  COS.  ^0 

,_ 8 , 

206265.11  sin.  it' 
5=:3600=the  number  of  seoondi  in  an  hour ; 


f = the  observed  mean  time  of  immersion  or  emersion. 
(340.)  Example,  On  the  23d  of  January,  1850,  the  occulta- 
tion  of  a  Tauri  was  observed  as  follows : 

At  Cfreenwichj  England. 

Immersion 13h.  32m.  38.66s.  Greenwich  m.  t 

Emersion 14h.    Im.  24.52s.  ^^ 

At  Cambridge^  MoMsachiuetts. 

Immersion 7h.  14m.  39.05s.  Cambridge  m.  t 

Emersion 8h.  29m.  50.26s.  « 

It  is  required  to  determine  the  longitude  of  Cambridge  firom 

G-reenwich. 
We  will  first  determine  the  error  of  the  tables  according  to  the 

Greenwich  observations.    The  co-ordinates  x  and  y  have  already 

been  given  on  page  294. 

Computation  for  Greenwich, 
0'=5lo  17'24'^6. 


Immeraion. 

Emmioa.              ' 

h.      m.          «. 

k.      m.       ,. 

t 

13  32  38.66  m.  t. 

14    1  24.52  m.t 

p 

9  44  43.78  s.  t 

10  13  34.37  8.  t 

A 

4  27  19.54 

4  27  19.54 

/*-A 

6  17  24.24 

5  46  14.83 

Inaro 

790  21'  3".6 

860  33/  42'/.45 

Xo 

.503232 

.787997 

Vo 

.467948 

.519616 

xf 

.593999 

.693978 

y 

.107785 

.107762 

Longitude. 
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Emersion. 

p 

9.9991134 

9.9991134 

008.0^ 

9.7961416 

9.7961416 

sin.  0*— A) 

9.9924552 

9.9992176 

log.l 

9.7877102 

9.7944726 

1 

.613353 

.622978 

P 

9.9991134 

sin.  <!/ 

9.8922744 

COS.  D 

9.9824020 

log.  (1) 

9.8737898 

pcos.  ^' 

9.7952560 

9.7962560 

sin.  D 

9.4456150 

9.4456150 

oce.  (/*— A) 

9.2666830 

8.7779489 

log.  (2) 

8.5075530 

8.0188189 

(1) 

.747807 

.747807 

(2) 

.032178 

.010443 

(l)-(2)=. 

.715629 

.737364 

xo-i 

-.110121 

+  .166019 

Vo—n 

-.247681 

-.217748 

log.  (Xo-I) 

9.0418701n 

9.2175340 

log-  (Vo-n) 

9.3938927« 

9.3379542» 

tana.  M 

9.6479774 

9.8795798» 

M 

203°  58'  13".2 

142°  50'  36".8 

SiD.M 

9.6088078n 

9.7810323 

m 

9.4330623 

9.4365017 

log.x' 

9.7737857 

9.7737703 

log.y' 

9.0325583 

9.0324656 

tang-N 

0.7412274 

0.7413047 

N 

790  42'  54".8 

790  43'  1".2 

8iD.N 

9.9929653 

9.9929678 

n 

9.7808204 

9.7808025 

M-N 

124°  16'  18  ".4 

63°  7'  36".6 

sin.  (M-N) 

9.9172630 

9.9603684 

m 

9.4330623 

9.4365017 

comp.  A; 

0.5646335 

0.5646336 

sin.  y* 

9.9149588 

9.9515036 

V 

550  18'  7".2 

116°  34'  33".6 

M-N+V 

1790  33'  25".6 

179042'  9".l 

sin.  (M-N+V) 

7.8881678 

7.7153218 

m 

9.4330623 

9.4366017 

ccnnp. » 

0.2191796 

0.2191975 

00660. V 

0.0850412 

0.0484964 

»=3600 

3.6663025 

3.5663026 

log.T' 

1.1817534 

0.9768199 

T' 

-15.203. 

-9.466. 
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Immeralon. 

Emersion. 

N-V' 

24°  24'  47".6 

-36°  51'  32".3 

5=3600 

3.5663025 

3.5563026 

comp.  206265 

4.6855749 

4.6855749 

comp.  n 

0.2191796 

0.2191975 

ooseo.  IT 

1.7589910 

1.7688792 

h 

0.2200480 

0.2199641 

sin.  (N— -0) 

9.6162807 

9.7780408» 

860.  V' 

0.2446963 

0.3493196N 

0.0810250 

0.3473144 

ooefGoient  of  oos.  d^a 

+1.2051 

+2.2249 

h 

0.2200480 

0.2199641 

COS.  (N-V) 

9.9593220 

9.9031821 

sec.  -0 

0.2446963 

0.3493196n 

0.4240663, 

0.472425711 

ooeffioient  of  Ad 

+2.6550 

-2.9677 

Hence  we  have  ihe  two  equations, 

0 = 16.20 + 1.2051AO+ 2.6550Ad, 
0=  9.46+2.2249Aa-2.9677Ad. 

From  whidi  we  obtain 

COS.  dAa= -7".405, 
A(J=-2".364. 


Computation  for  Cambridge. 


Immenion. 

Bmenton. 

A 
In  arc 

7  14  39.05  m.  t. 

3  26  28.81  8.  t. 

4  27  19.54 
-10  50.73 

-15°  12'  40".95 

8  29  60.26  m.  t 
4  41  52.36  s.  t 
4  27  19.64 
14  32.82 
3°  38'  12".3 

Assume  T 

12h. 

13.26h. 

Vo 

of 

y 

poos.  <t>' 

8in.(/i— A) 

log.| 

-.413936 

+.301478 

+  .593945 

+  .107833 

9.8691208 

9.4189320» 

9.2880528» 

-.194112 

+.328653 

+.436260 

+  .693997 

+.107796 

9.8691208 
8.8022991 
8.6714199 

+  .046937 

LONOITVDE. 
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Immersion. 

Emenlon. 

p  sin.  0' 

9.8264412 

COS.  D 

9.9824020 

log.  (1) 

9.8088432 

p  COS.  <j>^ 

9.8691208 

9.8691208 

sin.  D 

9.4456150 

9.4466150 

COS.  (/i— A) 

9.9845113 

9.9991246 

log.  (2) 

9.2992471 

9.3138604 

(1) 

+.643937 

+.643937 

(2) 

+.199181 

+  .205997 

(l)-(2)=^ 

+.444756 

+  .437940 

Xo-^ 

-.219824 

+.281626 

Vo-n 

-.143278 

--001690 

log.  (:*:o-|) 

9.3420751n 

9.4496727 

log-  (Vo—n) 

9.1561795W 

7.2278867n 

tang.  M 

0.1858956 

2.2217860« 

M 

2360  64'  16".5 

90°  20'  37".8 

sin.  M 

9.9231195» 

9.9999922 

m 

9.4189556 

9.4496806 

'     log.  a/ 

9.7737463 

9.7737842 

log.y' 

9.0327517 

9.0326986 

tang.  N 

0.7409946 

0.7411866 

N 

79°  42'  35".3 

79°  42'  61".3 

ran.  N 

9.9929578 

9.9929640 

» 

9.7807885 

9.7808202 

M-N 

157°  11'  40  ".2 

10°  37'  46".5 

sin.  (M-N) 

9.5883883 

9.2658996 

m 

9.4189556 

9.4496806 

oomp.  ft 

0.6646335 

0.5646335 

sin.yi 

9.5719774 

9.2802135 

V" 

21°  64'  54".0 

169°    0'35".6 

M-N+V> 

179°    6'34".2 

179°  38'  22".l 

sin.  (M-N+V>) 

8.1914938 

7.7988132 

m 

9.4189556 

9.4496805 

comp. » 

0.2192115 

0.2191798 

coseo.  tj) 

0.4280226 

0.7197865 

5=3600 

3.5563025 

3.5563026 

log.T' 

1.8139860 

1.7437626 

T' 

-65.169. 

-65.43s. 

6,=/_T-T' 

-4h.  44m.  15.799. 

-4ki.  44m.  14.329. 

N-V- 

67°  47'  41".3 

-89°  17'  44".3 

«=3600 

3.6563025 

3.6563026 

oomp.  206365 

4.6865749 

4.6865749 

oomp.  n 

0.2192115 

05191798 

00960.  IT 

1.7593527 

1.7590595 
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Immeralou. 

Emersion. 

A 

0.2204416 

0.2201167 

sin.  (N-ip) 

9.9274447 

9.9999672« 

sec.  i/> 

0.0325744 

0.0080389n 

0.1804607 

0.2281228 

coefficient  of  cos.  <JAa 

+  1.5152 

+  1.6909 

h 

0.2204416 

0.2201167 

cos.  (N— 0) 

9.7266889 

8.0896618 

sec.  'tp 

0.0325744 

0.0080389JI 

9.9797049 

8.3178174« 

coefficient  of  Ad 

+.9543 

-.0208 

Hence  we  obtain  the  following  equations  for  Cambridge : 
6)=-4h.  44m.  15.79s. +  1.5152Aa+. 9543^(5, 
6)=-4h.  44m.  14.32s.  + 1.6909 Aa-. 0208^(5. 

Employing  the  values  of  Aa  and  Ad,  found  on  page  340,  we 
obtain 

a)=-4h.  44m.  15.79s. -11.22s.- 2.26s.  =  -4h.  44m.  29.27s. 
a)=-4h.  44m.  14.32s.  -  12.62s. + 0.05s.  =  -4h.  44m.  26.79s. 

The  mean  of  the  two  results  is 

a)=-4h.  44m.  28.03s., 
which  is  the  longitude  of  Cambridge  from  G-reenwioh,  accord- 
ing to  the  observations  of  the  occtdtation  of  a  Tauri,  January 
23,  1850. 

(341.)  Ex.  2.  On  the  15th  of  April,  1850,  the  oocultation  of 
a  Tauri  was  observed  as  follows : 


At  Komgaberg,  Prtuna. 

Lnmersion lOh.  57m.  43.7s.  Konigsberg   s.  t. 

Emersion  ....*...  llh.  47m.  47.6s.  " 

At  Cambridge,  MoMaachutttU. 

Immersion 2h.  Im.  52.45s.  Cambridge  m.  t 

Emersion 3h.  Im.  38.35s.  " 

It  is  required  to  determine  the  longitude  of  Cambridge. 
According  to  the  Nautical  Almanac,  the  following  are  the 
laces  of  the  moon  necessary  for  this  computation : 


Longitude. 
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Oraanwich  m.  t. 

a. 

i. 

ir. 

ik. 

k.     m.          a. 

O               '                    '* 

6 

4  23  45.41 

+  16  40  0.1 

58  55.22 

7 

4  26  10.13 

16  46  30.5 

58  55.87 

8 

4  28  35.06 

16  52  54.7 

58  56.50 

9 

4  31  0.20 

16  59  12.7 

58  57.12 

10 

4  33  25.53 

17  5  24.4 

58  57.72 

11 

4  35  51.06 

17  11  29.7 

58  58.32 

Aooording  to  Mr.  Adams'  tables,  each  of  the  preceding  paral* 
laxes  should  be  inoreased  by  5^^.1. 
The  position  of  a  Tauri  was 

A=4h.  27m.  18.26s.;  D  =  +16o  12^  y^n. 

The  sidereal  time  at  Greenwich  mean  noon,  Apnl  15,  was 

Ih.  33m.  8.96s. 
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The  following  recapitulation  of  the  formute  most  frequently 
used  in  an  observatory  is  added  for  convenience  of  reference. 

To  compute  the  corrections  to  be  applied  to  the  observed 
transit  of  a  star^  in  order  to  obtain  the  correct  apparent  right 
ascension.    See  page  73. 

R.      m  ,  jA  t       sin.  z  ,  ,    cos.  z  ,     c 
.A.=T+dt+a. -+6. -H -. 

OOS.  O  COS.  0      COS.  o 

By  a  close  circumpolar  star  (see  page  69), 
a=iA  sec.  ^cot.  6. 

By  two  stars  differing  considerably  in  declination  (see  page 
70), 

A^  cos.  6  COS.  6^ 
a=z . 

COS.  0  sin.  (<J'— <J) 

R.  A.=the  apparent  right  ascension  required; 

T=:the  observed  time  of  transit,  as  shown  by  the  clock ; 
(ft = the  correction  for  the  error  of  the  clock,  plus  when  the 

clock  is  too  slow ; 
2r=the  zeniih  distance  of  the  star ; 
((=the  declination  of  star  observed ; 
d^=:the  declination  of  the  second  star ; 
a=:the  deviation  of  the  telescope  in  azimuth,  plus  when 

the  eastern  pivot  deviates  to  the  north  of  east 
6= the  inclination  of  the  axis  of  the  telescope  (see  page  63), 

plus  when  the  west  end  of  the  axis  is  too  high ; 
c=the  error  in  coUimation  (see  page  65),  plus  when  the 

mean  of  the  wires  falls  on  the  east  side  of  the  optical 

axis; 
A=ihe  interval  between  two  successive  transits,  minus  12 

hours; 
A^=the  difference  of  the  observed  times,  minus  the  difference 

of  right  ascensions ; 
0=the  latitude  of  the  place ; 
2r=0— d,  if  the  observations  be  made  to  the  south ; 
jr=:d— 0^  if  to  the  north,  above  the  pole: 
2r=180o  — (^+d),  if  to  the  north,  below  the  pole. 
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To  find  the  altitude^  azimuthy  and  parallactic  angle  of  a 
star,  its  declination  and  hour  angle  being  given^  as  well  as 
the  latitude  of  the  place.     See  pages  108  and  110. 

tang,  y =cos.  P  oot.  6 ; 
I  ^ sin,  tfsin.  (y+»), 

I  CXIS.  * • 

I  COS.  f/ 

•     /    .  ^\    <»s.  z  COS.  y 

^^  ^^cot.  P  COS.  (y+») 
Sin.  y 
COS.  ^  sin.  P 


sm.pz 


sin.  z 


A=:the  azimuth  of  the  star,  counted  firom  the  north ; 

2:=:  the  zenith  distance  of  the  star ; 

P = the  hour  angle  of  the  star ; 

d=the  dechnation  of  the  star ; 

0=the  latitude  of  the  place ; 

p=ihe  parallactic  angle. 

When  only  p  is  required, 

tang.  x=cos.  P  cot  ^; 
__sin.  X  tang.  P 
^'^*"    COS.  (z  +  d)   ' 


To  compute  the  distance  between  two  stars  whose  right  as^ 
censions  and  declinations  are  known.     See  page  111. 

cot.  B=cos.  (a—a^)  cot  6; 
COS.  (<J'— B)  sin.  3 
sin.  B 

a=the  right  ascension  of  one  star ; 
6=its  declination ; 

a^=the  right  ascension  of  the  second  star ; 
6^ = its  declination ; 
2= the  angular  distance  required. 
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To  compute  the  hou/r  angle  at  the  pole :  the  latitude  of  the 
place,  the  declination,  and  zenith  distance  of  the  sun  or  star 
being  given.    See  page  133. 


V  COS.  <t>  COS.  6 


\z^(l>+d} 


COS.  <l>  COS.  6 

P=:the  hour  angle  at  the  pole; 
0=the  latitude  of  the  place ; 
d=fhe  declination  of  Ihe  star ; 
z=the  true  zenith  distance  of  the  star. 


To  compute  the  correction  for  the  reduction  to  the  meridian. 
See  page  143. 


x= 


__2  sin.*  iP  COS.  0  cos.  6fsm,^  ^P  cos.  ^  cos.  dV  2  cot.  z 
""        sin.  V^  sin.  z  \  sin.  z  J    sin.  1'^ " 

P=the  hour  angle  at  the  pole,  as  shown  by  a  well-regulated 

clock; 
0=the  latitude  of  the  place ; 
d=:the  declination  of  the  star ; 
2r=the  meridional  zenith  distance  of  the  star ; 
a;=the  required  correction  in  seconds. 


To  compute  the  latitude  of  a  place,  from  observations  of  the 
pole  star  at  any  time  of  the  day.     See  page  152. 

0=H-rf  COS.  P+i  sin.  V'{d&m.  P)*  tang.  H 
-i  sin.*  r'  (d  COS.  P)  (d  sin.  P)*. 

H=the  observed  altitude  of  the  star,  corrected  for  refiraction ; 
</=the  apparent  polar  distance  of  the  star,  expressed  in  seconds 

of  arc; 
P=the  hour  angle  of  the  star  firom  the  meridian; 
0  =  the  latitude  required. 
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To  find  the  altitude  and  hour  angle  of  a  star  when  it  is 
upon  the  prime  vertical^  together  with  the  latitude  of  the  place. 
See  pages  113  and  157. 

COS.  P=oot.  ^  tang.  6; 

.     sin.  6 

sin.  A=-; : 

sin.  ^ 

cos.  A=sin.  P  COS.  <J ; 

sin.  6 
sin.  0=^ — -; 
sin.  A 

COS.  0=cot.  P  cot  A. 

P=the  hour  angle  of  the  star  at  the  pole ; 
A=the  altitude  of  the  star ; 
d=the  declination  of  the  star ; 
0=the  latitude  of  the  place. 


Tdfind  the  longitude  and  latitude  of  a  star  when  its  right 
ascension  and  declination  are  known^  and  vice  versa.  See 
pages.  174  and  176. 

Make  tang.  a=sin.  R.  A.  cot.  Dec. 

tang.  L=sin.  (a +6))  tang.  R.  A.  cosec.  a, 
tang.  Z=cot.  (a+w)  sin.  L, 
sin.  /=cos.  (a+w)  sin.  Dec.  sec.  a, 
sin.  L  =  tang.  {a+u)  tang.  /. 

Hake  tang.  a=sin.  L  cot.  /. 

tang.  R.  A.=sin.  (a—o))  tang.  L  cosec.  a, 
tang.  Dec.=cot  (a^6))  sin.  R.  A. 
sin.  Dec. = COS.  (a^o))  sin.  /  sec.  a, 
sin.  R.  A.  =  tang,  (a— a>)  tang.  Dec. 

L =the  longitude  of  the  star ; 
/=the  latitude  of  the  star ; 
R.  A.=the  right  ascension  of  the  star ; 
Dec. = the  decUnation  of  the  star ; 
<j=:the  obliquity  of  the  ecliptic. 
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To  compute  the  longitude^  right  ascension^  and  declination 
of  the  sun ;  any  one  of  these  quantities^  together  with  the 
obliquity  of  the  ecliptic^  being  given.     See  page  178. 

tang.  R.  A. = tang.  Long.  oos.  (0 ; 

sin.  R.  A.  =  tang.  Deo.  oot.  o) ; 

tang.  Deo. = sin.  R.  A.  tang,  cj; 

sin.  Deo. = sin.  Long.  sin.  6); 

tang.  Long. = — - — '- — * ; 


sin.  Long.= 


COS.  0) 

sin.  Deo. 


sin.  6)    ' 


oos.  Long. = oos.  R.  A.  oos.  Deo. ; 

^oos.  Deo. 

Long. = the  sun's  longitude; 
R.  A.=the  sun's  right  ascension; 
Deo. = the  sun's  declination ; 
<j=the  obliquity  of  the  eoliptio. 


To  compute  the  correction  in  time^  to  be  applied  to  the 
mean  of  the  times  of  observed  equal  altitudes  of  the  sun^  in 
order  to  obtain  the  time  of  its  meridional  passage.  See  page 
128. 

rfP=Y=(tang.  0  ooseo.  P—tang.  6  oot.  P). 

Id 

(^ =ih6  increase  of  the  hour  angle  in  time ; 

6^(5= increase  of  declination  £N>m  the  meridian  to  the  afternoon 

observation ; 
P=hour  angle  from  the  meridian^  supposing  no  change  in  dec* 

lination;  ^  i.     . 

d= declination  of  the  sun  on  the  meridian ; 
^=:the  latitude  of  the  place. 
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For  the  Angle  of  the  Vertical. 
tang.  0" = tang.  0  x  0.9933254. 

For  the  Radius  of  the  Earth. 

V  COS.  <l/  COS.  {((/  —  (p)' 

For  the  horizontal  Parallax  of  any  Place. 
p=r?. 

For  the  Moon^s  Parallax  in  Altitude. 

1.  sin.  9=:sin./7  sin.  {z-^-q), 

o    .  sin.  p  sin.  z 

2.  tang.  ?=,= ^^ . 

1— sm.  jE?  cos.  z 

o         sin.  p  sin.  z  ,  sin.*  p  sin.  2z  ,  sin.^  p  sin.  35r  . 

f(9r  ^Ae  Moon^s  Parallax  in  Right  Ascension. 

Make  o=5BvP^2?^'. 
COS.  d 

1.  sin.  n=a  sin.  (A+n). 

o    .        „       a  sin.  A 

2.  tang.n=:= T- 

1— a  COS.  A 

o   „    a  sin.  A  .  a*  sin.  2A  ,  a'  sin.  3A  ,      , 
sin.  r^       sin.  2'^        sin.  3^^ 

For  the  Moon^s  Parallax  in  Declination. 

1.  tang.  d'=f l_^£l£«Eiir) !S4' tang.  6. 
^        V  sin.  d     /  sm.  A  ^ 

Make  cot  b=^- (k+jU)  cot  ^ 
008.  in 

_sin.  j?  sin.  0' 
c —        . — f — • 
sin.  r 
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2.  sin.  7r=c  sin.  (6— <J+7r). 

^    ,  c  sin.  (ft— <J) 

3.  tang.  7r=^ — r.-^- 

^^  1  — CC08.  (6-<J) 

.         c  sin.  (ft-<J)  ,  c*  sin.  2(&~d)  .  g^8in.3(6-d)  ,      . 

Sin.  r^  sm.  2''  sin.  3^^ 

For  ^A6  hourly  Variation  of  Parallax  in  Right  Ascension. 
jj,_P  COS-  ^^  008.  hdh 

"  008.  d  ' 

For  the  hourly  Variation  of  Parallax  in  Declination. 
d'rr=p  oos.  0^  sin.  6  sin.  hdh. 

For  the  Augmentation  of  the  Moon^s  Semi-diameter. 

1.  a;=A.5»oo8.  ;^+iAV+iAVcos.»3:^+,eto., 
where  A=0.00001779. 

2.  «=«  sin.  TT  cot,  (6— <J)— i  «  sin-'  tt. 

iVbfa^ton. 

^=the  geographioal  latitude  of  the  plaoe ; 

0^=ihe  geooentric  latitude  of  the  place ; 

r=the  radius  of  the  earth,  corresponding  to  the  latitude  0; 

2r = the  true  zenith  distance  of  the  moon ; 

P=the  moon's  horizontal  parallax  at  the  equator ; 

p  =rthe  horizontal  parallax  at  the  place  of  observation ; 

9= the  moon's  parallax  in  altitude ; 

d=the  true  declination  of  the  moon ; 

d^=the  apparent  declination  of  the  moon ; 

A=the  true  hour  angle  at  the  pole = the  sidereal  time^  minus 
the  moon's  true  right  ascension ; 

A^ =the  apparent  hour  angle ; 

n=the  moon's  parallax  in  right  ascension ; 

ir=the  parallax  in  declination ; 
dtl=the  variation  of  parallax  in  right  ascension ; 
tf?r=the  variation  of  parallax  in  declination ; 

s = the  true  semi-diameter  of  the  moou. 


352 


Pbaotioal  Astroroht. 


TRIOONOBIETRICAL    FORMULA. 


2. 
3. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 


Valaes  of  sin.  A. 


COS.  A  tang.  A. 

008.  A 

cot.  A* 
"v/l— COS.*  A. 

1 

Vl+cot^A 

tang.  A 
Vl+tanpT 

2  sin.  ^A  cos.  ^A. 
/1-cos.  2A 

v— ^ — 

2  tang.  jA 
l+tang.HA' 

2 
tang.  ^A+oot  ^A' 

1 

ooseoaatA' 

28in.»(45o+iA)-l 
1 -2  sin.' (45° -i  A). 


Valuea  of  cos.  A. 


sin.  A 
tang.  A* 

sin.  A  cot.  A. 

Vl— 8in.*A. 

1 

Vl+t^g?A' 

cot.  A 
Vr+cotJA* 

oos.^  iA— sin.^  J  A. 
1^2  8in.2  ^^ 

2  008.2  i A- 1- 

/l+oos.  2A 
V  2 

l-tang.^jA 
l+tang.^iT 

cot.  iA— tang.  JA 


cot.  iA+tang.  iA 

1 


1+tang.  Atang.  ^A 

1 
secant  A' 


Valuea  of  tang.  A. 


sin.  A 
008.  A' 

1 
cot.  A* 


v/ 


COS.*  A 

sin.  A 
VI— sin.' A 

Vl— COS.*  A 
cos.  A 

2  tang.  jX 
1-tang.'  iA" 

2  cot.  jA 
cot.'iA-r 


cot  iA  -  tang.  iA 


oot.A--2cot.2A. 


1-OOS.2A 
sin.  2A 


sin.  2A 


14-OOS.2A 


v^ 


1— COS.  2A 
1+008.  2A" 
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Relative  to  two  AreSj  A  and  B. 

sill.  (A+B)=8m.  A  oos.  B+oos.  A  sin.  B, 
sin.  (A— B)=ssuL  A  oos.  B-*-ooa  A  am.  B, 
COS.  (A+B)=:oo6.  A  oos  B-^sin.  A  sm.  B, 
COS.  (A— B)=oos.  A  oos.  B-f  sin.  A  sin.  B, 

tang.  (A+B)=  ^^^8- A+tang.  B 
wng.  VA-r-x>;    i_tang.A.taiig.B'     , 

taDg,(A.^B)=,^g'^-"^°g-°, 
^^       ^     l+tang.A,tang.  B' 

sin.  (A+B)_tang.  A+tang.  B_oot.  B+oot.  A 

sin.  (A— B)"~tang.  A— tang.  B^oot.  B— cot  A* 

008.  (A+B)_oot.  B— tang.  A_oot.  A— tang.  B 

oos.  (A— B)""cot.  B+tang.  A"~cot.  A+tang.  B* 

sin.  A  008.  B=i  sin.  (A+B)-fi  sin.  (A— B), 

oos,  A  sin,  B=i  sin.  (A+B)  — i  sin.  (A— B), 

sin.  A  sin.  B=i  oos.  (A— B)— i  oos.  (A+B)- 

oos.  A  oos.  B=i  COS;  (A+B)+J  oos.  (A— B), 

sin.  A+sin.  B=2  sin.  ^(A+B) .  cos.  J(A— B), 

oos.  A+oos.  B=:2  008.  i<A+B)  .008.  i(A— B)y 

sin.  A— sin.  B=2  sin.  i(A— B) .  oos.  i(A+B), 

oos.  B— oos.  A=:2  sin.  }(A— B) .  sin.  ^(A+B), 

tang.  A+tang.  B=  '^-  <^+°^  , 

cot.A+ootB="^'<^+^) 
Sin.  A .  sm.  B 

tang.A-tang.B=.?^5liii:B)^, 

^  -,        .    .       sin.  (A— B) 

cot  B  — cot.  A  =  -^ f : (=zf 

sm.  A .  sin.  B 

sin.  A+sin.  B__tang.  ^(A+B) 
sin.  A— sin.  B"~tang.  i(A— B)* 

oos.  B+cos.  A_  cot,  ^(A+B) 
.008.  B— COS.  A"~ tang.  i(A— BJT 
Z 
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an,  2A^2  sin.  A  oos.  A, 
sin.  3A=2  sin.  2A.  oos.  A— sin.  A, 
sin.  4A=2  sin.  3A .  oos.  A— sin.  2A, 
008.  2A=2  oos.  A  oos.  A— 1, 

=l-2  8in.^A, 
oos.  3A=2  cos.  2A  oos.  A— cos.  A, 
008.  4A=2  cos.  3A  cos.  A— oos.  2A, 

tang.2A=-1^^5«A, 
^^^    l-tang.»A' 

tang.  3A=  tang._2A+tang^ 
^  1-tang.  2Atan5rr 

tang.4A=^^g'^^+^^g-^, 
1— tang.  3A  tang  A 

Trigonometrical  Series. 

008.  A=l-^+g>~-g3'^'ge+.  «to.. 

tang.  A=A+^+|^+^2^+,  eto., 

.    .     1     A      A»         2A» 
*^^=A-3-3^6-3^5:7-'"*°• 


Differentials  of  Trigonometrical  Lines. 

d  sin.  a;=  +cos.  x  dx* 
d  oos.  a;=  —sin.  x  dx^ 

rftang.  a;=+ — ^— , 
rfoot  x= — r— =— . 
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Table  1. 


3sr 


PtSfflTKflNS  Of*  THE  PRINCIPAL  FOREIGN  08SERYAT0RIE& 


Konh  Latitudw  aad  Vfm 


an  indkptiBd  by  lli^iign^-i  Sonlb  JUaUmdes  and  East  LongiMdea 
by  the  sign  — . 


"XongKude** 


Placa. 


In  Time. 


Longitude 

Dm  Greenwich 

in  Time. 


Loiigitude 

ftom  Greenwleh 

in  Arc. 


Abo ,_..-.... 

Altona...^ 

Atmagh .:. 

Athens  ..« 

Berlin 

Bilk 

Bonn.,. •..-,. v-.--'- 

Breslatt.««. .<^.. 

BniBsels . ..<.. 

CaInbridg^,  England^ 

Oape^QoodHope.. 

Christvimfb i^. 

Gopenha^Bii . . .  J . « . . 

Cracow ^ .  •  -  ..  *^ . 

Borpat 

Dablin .. 

Durhajn  .^..r 

Edinburgh .. .  ^. 

Florence.^., .. 

Gt^oya.^^.. -- 


+60 

+53 
+54 
+37 

+52 

+5o 
+5i^ 
+5o 
+5)1 


a6  56.8 
39  45.3 

2t   18. 7 

58  20.0 
3016.7 
19  fl5.o 
43  45.0 
6  56.0 
5i  !io^7 
12  5i.8 


6  37 

5  47 

4  4i 

6  43 
.6     I 

';5.35 
.5  36 
6  16 

5  25 
5    8 


«. 
20.0 
•57.4 
^35.7 

6.4 
46.1 
16. 1 
35.7 

21.2 

38.6 
34.7 


Gtiittingen 

Gotha^....^.. 

Qreenwidi 

Hambnrf^  ,-•... 
Kaaaa...4.w.. 
Konig^berg  -.w 
Kremamflmiter. 

Leipaic 

Leydein...^^.. 
IdTerpool ,.,.. 

Madras. U 

Mannheii^, 

Idarkn»e-. 

Maraaillea* 

Milao«,«. 

Modena.  ...*... 

Moecow 

Munich ..... 

Naples 

QUnate 


—33  56  $.0 
+59  54  43.7 
+55  4o  53.0 
+50'  3  5o.o 
+58  2»  47.1 
+53  ^3:i9.o 
+54  46  6.4 
+H55-57  a3.2 
+43  46  4o,8 
+46  11 .58.8 

+5i  3 1  47.9 
+5o'56  6.2 
.+5i  28  3a. 2 
+53  33  5.0 
+55v47  a3.i 
+54  42  5o.4 
+4&  3r23.8 
+5i  20.  20.4 
+5a  9  28.2 
+53  24.47.8 


6   22'    7.2 

5  5x     6.0 

5  58  3o.5 
628    8.4 

6  55     6.8 
—  4  4a  49. 


I  53«2 
55  28.2 
53  12.9 
3a,  48.9 


5  47  57.3 
5'5z.*  6^9 
5    8  IX. 8 

5  48  4.8 
8  84  43.1 

6  3o  M.6 
6    444^.6 


5  57 
5  26 
4  56 


+i3 
+^ 
+54 
+-4S. 
+4S 
+44 
+55 
+48 
+4o 
+49 


4  9*2 
29  13.9 
10  3z.7 
17  49.0 
88-  «.7 
38  5a. 8 
45  19.8 

8  45.0 
5i  46.6 
35  4o.o 


39.7 
8.6 


Oxford  -,— .-..-w.. 

Ewlna..^,... ^ 

Caleuno  ..^ — ...a.. 
Eaxamaita..^.....^.. 

Earia ^- 

Petersburgh -  -  - 

Prague  ., 1.. 

Pojkowa 

Rdm^  -...^,,^ 

Santipgo.,^...^^.^... 
Senftenbpig  .....-*-. 

YieoDa  4> ^..*,- 

Wilpa-^-M --• 


+$i  45  36.  o 
+45  84  ^.5 
+S8    6.44.0 
-r33  48  49.8 
+48  5o  (3 
+59  56  89 
+5o    5  li 
+59  46  18 
+4i  53  54.0 
+36  87  45.0 

-r33.  fl6  85,9 
+^0    5  10 
+48  la.  35.5 
+54  4o  59 


—10.99.  8.8 

—  5  4a    8.7 

—  4  34  28.8 

—  5  89*  4o.8 

^  544  57.8 

—  5  5i  55.2 

—  7  38  88.5 

-  5  54  3^.6 

—  6.    5  12.1 

—  6  17  II. 3 

—  6.3    >8.6 

—  5  55  40.2 

—  6..  I  36.7 

+.8r47  4B.6 

—  5  17  32 . 7 

zi  tt.l 

8.8 
46.2 
35 

55.9 
34.9 

94!! 
10. o 
27.6 
23.5 


5  + 


i3  56 
An  54 
5o  19. 
19  5i, 
46  54. 

25    88. 

6  18. 

18  43. 
45  I, 
24   37. 

a  39  46, 

o  48  55. 

o    o 

39  53. 

16  ai. 

89      O. 

56  33. 

49  »8. 

17  57, 

18  O. 


+ 
0  + 

7 


80  57. 

33  5i. 
33  48. 

81  39, 

36  46. 
43  44, 
3o  17. 
46  26. 
57  o. 
9    o. 


—7    §29.9 
-  5  58    5.0 


4  43  33.1 


5 

47 
53. 

4 

9 

I 
57  42. 

I  18. 

•"-  o  49  54. 

24  49. 


.  o 
.  o 

— .  o. 
10 

— '  o^ 

—    2 

-^  o' 


8. 

It 

6, 

81 

i3 


+  o 


O  8d   37 

.6  i4    «.i 
6  i3  43.7 
—  &49  93. 


6  + 


4  4a  33 

—  X  -  5. 49< 
— .  X  5  32. 
^^  I  4t'  n. 


38  17  IX. 4 

9  56  33.2 

6  38  58.5 

83  43  47.8 

i3.  83  43.9 

6  46  13.9 

7  6    6.9 

17  8  3o.o 
—r    4  ji .54.0 

0  5  53. 

18  88  59.7 

10  43  4i.4 
13  34  4q 

19  57i48.6 
86  43  38.4 

6  80  3o.o 

1  34  3o.o 
3  10  45.0 

11  i5  24.9 

6      9   35.2 


—  9  56  3i. 
10  43  54 

000 

—  9  58  23. 

—  49     7  58. 
^  20  3o     5 

—  i4    8  21, 

—  X2    32      7. 
4  29   81. 

+     3    o     I. 


—  80  i4 
8  37 

8  27 

5    33 

9  " 
xo  55 

—  37  34 

—  II  36 

—  i4  i5 
17  i5 

+     I  i5 

— *    IX    53 

^   l3   91 

3] — r5i.    r 

—  a.  ao 

—  3a  18 

—  i4  25 

—  3o  19 

—  13    38 
f-   .6    13 


x5.o 
53.5 
6.0 
i4.8 
39.6 
59 
19.3 
36.6 

'tl 

39.0 
i5.4 

31. 9 
33.7 
8X.9 
33.3 

a9-4 
4o 
4o.5 
17.1 

+  70  38  84*0 

—  16  37  38.9 

—  16  33    7 

—  45  17^56 


ti 
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Table  IL 


LATITUDES  Am)  LONOrTUDBS  OF  PLACES  IN  THE  UNITED  STATEa 
West  LongltadM  an  oonridwed  m  podthe,  EmI  Longitadei  m  negBtlTQi 


FImh 


Looglta( 

from  WMhingtoa 

in  Time. 


"Knar 

+1    4 

— O   28   22.5 

4.i3 

18 
24*1 

34.65 
21.68 


+6  12  36, 
+4  39  49 
+4  49  7- 
+5  II  24 
+5  57  36. 
+5  I  37. 
+5  i5  33, 
+4  54  44< 
+4  52  53. 


^LoogUnda 
tma  Giwnwlc 
la  TlnMi 


Loogttade        ' 
oan  Groeiii' 
in  Ara. 


Northfield,  Minn., College..  44  27  4i 
Brunswick,  Me. ,  College. ...  43  54  29  •  < 
Hanover,  N.  H.,  Obeenr. . . .  43  42  i5 
Rochester, N.Y.,0b8erv....  43    8  17 

Madison,  Ind.,  Observ 43    4  33 

Clinton,  N.Y.jObserv......  43    3  17.0 

Buffalo,  N.  Y.,  Observ 42  54    9*5 

Troy.  N.Y.,  Observ 42  43  52 

Williamstown,  Mass.,  Observ.  42  42  49 

Albany,  N.  Y.,  Observ 4a  89  49 . 5 

Cambridge,  Mass.,  Observ...  42  22  48.3 

Amherst, Mass., Observ. 42  22  i5.6 

Boston,  Mass.,  State  House.  4^  21  27.6 
Ann  Arbor,  Mich.,  Observ. . .  42  16  48 .  o 

Alfred,  N.  Y.,  Observ 4a  i5  19.8 

Chicago, 111., Observ 4i  5o     i.o 

Providence,  R.  I.,  Observ...  4i  49  46.4 
Poughkeep8ie,N.Y.,Ob8erv.4i  4i  18 


Middletown,  Conn.,  College. 
West  Point,  N.Y., Observ.. 
New  Haven,  Conn.,  Observ. 

Hudson,  O.,  Observ 

Ogden,  Utah,  Observ 

Hastings,  N.  Y.,  Observ 

New  York,  Columbia  College 
New  York,  Ruth.  Observ. . . . 
New  York,City  Hall... 


Betiilehem,  Pa.,  Observ 

Allegheny,  Pa.,  Observ 

Princeton,  N.  J.,  Observ.... 
Haverford,  Pa.,  Observ..... 
Philadelphia,  Pa.,  Observ... 
Baltimore,  Md.,  Wash.  Mon. . 

Glasgow,  Mo.,  Observ 

Cincinnati,  0.,  New  Observ, 
Cincinnati,  O.,  Old  Observ.. 

Annapolis,  Md.,  Observ 

Columbia,  Mo.,  Observ 

Georgetown,  D.  C,  Observ.. 
Washington,  D.  C,  Observ.. 

St  Louis,  Mo.,  Observ 

Charlottesville,  Vs.,  Univers. 

San  Francisco,  Cal 

Monterey,  Cal 

Nashville,  Tenn.,  University 


4i 
4i 
4i 
4i 
4i 
4o 
4o 
4o 
40 

4o 
4o 
40 
4o 

2^ 
39 

?^ 
39 

39 

38 
38 
38 
38 
38 
38 

37 
36 
36 


59  25 
iS  23. 


33  8 
23  3i 
18  36. 
1442. 
i3  8 
5< 

4i 

43  48. 
4a  43. 

36  23. 

37  4i. 
90  58 

o  36. 

57  7. 
17  47- 
16  16, 

8  35. 
6  26. 

58  53. 
56 

54  26. 

53  38. 

38  3. 
2  3 

48  23. 
37  59. 

9  33 


24.84 


— o 


+0     3 

tin 

+0     7 

— o  i3  27.5 

— o  i5  18.6 


93    9  i4 

69  57  23.9 
72  16  59.41 
77  5i    o 

89  24    3 

70  24  21.6, 
+  78  53  26.5 
+  73  4i  8.8 
+   73   l3  22.5 


— o  i3  12 
_o  23  4i 

o  18    4 

o  23  57 
+0  26  43 
+0  2  55 
+0  4a  i4 
— o  22  34 
^o  12  38 

— o  17  35 
— o  12  22.71 
— o  16  29.90 
-f-o  17  32.o6 
4-2  19  47*52 
— O  12  43*4 
^o  12  18.40 
— o  12  i5.47 

— O   12   II. o 


+4  54 
+4  44 
+4  5o 
+4  44 
+5  34 
+5  II 
+5  5o 
+445 
+4  55 

+4  5o 
+4  55 
+4  5i 
+5  25 

+7  27 
+4  55 
+4  65 
+4  55 
+4  56 


59.22 
30.98 

7.3 
15.09 
55.19 

7.09 
26.78 
37.58 
33.6 

37.09 
49.38 
42.19 
44.15 
59.61 
29.7 
53.69 
56.62 
1.09 


+0  II 
— o 
— o 


6  40.19 


— o  1 
+  1  3 
+0  39 
+0  39 


5o.84 
34.6 

6  59.34 

7  33.64 

1  44.6 

3    6.8 

99.33 
46.85 


+5     I  3i, 

+5   20      2. 

+4  58  37. 
+5  I  12. 
+5  o  38. 
+5  6  27. 
+6  II  18. 
+5  37  4i, 
+5  37  58. 


90 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+1 

+ 

+ 

+ 

+ 

+ 
+ 


73  44  48.3 

71  7  44.7 

72  3i  49.5 
71     3  46 
83  43  47 
77  46  46 
87  36  4i 

71  24  23.7 

73  53  24.0 

72  39  16 

73  57  20 

72  55  32 
81  26  2 
II  59  54 

73  52  25 
73  58  25 

73  59    9 

74  o  16 


— O      9 

+  1  1 
+0     o 

o    o 

+0  59 

+0  .5 
+3  I 
+2  59 
+0  39 


i5.6o 

6 

6.20 

o 

37.02 
53.8 
27.4 
26.3 

5.0 


+5 
+6 
+5 
+5 
+6 
+5 
+8 
+8 


5  56, 
9  18 
8  18 
8  12 
o  49 
i4    5 

??2 


+  74 
+  75 


+  75 


52  58.5 
o  43.9 

39   22.5 
18    II. 2 

9  36.7 
36  52.3 


76 
92 

84 

84  29  44* i{ 


49  43.5 
25  21.3 


3 


Chapel  Hill,  N.C 

Santa  Fe,  New  Mexico. . . . 

Oxford.,  Miss.,  Observ 

Charleston,  S.  C 

San  Diego,  Cal 

Savannah,  Ga.,  Exchange.'. 

Mobile,  Ala 

New  Orleans,  La.,  City  Hall 
Galveston,  Tex.,  Court-house 


35  54 
35  4i 

34  32 

32  47 
32  4i 
32  4 
3o  4i 
29  57 
29  18 


21 

6 
12.64 

5.3 
58. o 
53.4 
26.2 
3o 
i4.5 


+0  8  59 
+1  55  54 
+0  49  55. 

+0    II    32. 

+2  4o  42. 
+0  16  9. 
+0  43  54. 
+0  5i  47. 
+1  10  55. 


+5  47  »7-o9 
+5  17  II. 
+7  3  6, 
+5  58  7, 
+5  10  44. 
+7  48  54, 
+5  24  81. 
+5  52  6. 
+600 
+6  19    7 


+  76 
+  92 
+  77 
+  77 
+  90 
+  78 
+122 
+121 
+  86  49  16.3 


29  7.3 

19  3i.3- 

4  34. 3i 


6 


3  I 
12  I 
3i  29 
24  52 
54  35.8 


+  79  17  46 
+io5  46  3i 
+  89  3i  46.8 
+  79  56  i3.3 
+117  i3  35.8 
+  81  5  29.8 
+  88  I  41.8 
+  90  o  o 
+  94  46  46.3 
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To  cotnert  Houra,  Minutes,  and  Seconds  into 

To  convert  Decimals  of  a  Day  into 

Decimals  of  a  Day. 

HourSf  Minutes,  and  Seconds. 

Hours. 

Daetmal. 

Mtn.  1  Decimal. 

86C. 

Decimal. 

Dee. 

H.  M.  8. 

Dee. 

H.  M.   S. 

I 

.o4i6+ 

I 

.001 388+ 

I 

.0000116 

.01 
.02 

0  i4  24 

.61 

i4  38  24 

a 

.0833+ 

2 

2 

.0O0O23l 

0  28  48 

.62 

i4  52  48 

3 

.125o+ 

3 

.002083+ 

3 

.0000347 

.03 

0  43  12 

.63 

i5  7  12 

4 

.1666+ 

4 

.002777+ 

4 

.0000463 

.04 

0  57  36 

.64 

i5  21  36 

5 

.2083+ 

5 

.003472+ 

5 

.0000579 

.o5 

I  12  0 

.65 

i5  36  0 

6 

.25oo+ 

6 

.004166+ 

6 

.0000694 

.06 

I  26  24 

.66 

i5  5o  24 

7 

.2916+ 
,3333+ 

7 

.004861  + 

7 

.0000810 

.07 

I  4o  48 

.67 

16  4  48 

8 

8 

.005555+ 

8 

.0000925 

.08 

I  55  12 

.68 

16  19  12 

9 

.3760+ 

9 

.006250+ 

9 

.0001042 

.09 

2  9  36 

.69 

16  33  36 

10 

.4166+ 

10 

.006944+ 
.007638+ 

10 

.0001157 

.10 

2  24  0 

.70 

16  48  0 

II 

,4583+ 

II 

II 

.0001273 

.11 

2  38  24 

•71 

17  2  24 

12 

.  5ooo+ 

12 

.008333+ 

12 

.0001389 
.oooi5o5 

.12 

a  52  48 

.72 

17  16  48 

i3 

.5416+ 

i3 

.009027+ 

i3 

.13 

3  7  12 

.73 

17  3i  12 

i4 

.5833+ 

i4 

.009722+ 

i4 

.0001620 

.14 

3  21  36 

.74 

17  45  36 

i5 

.625o+ 

i5 

,010416+ 

i5 

.0001736 

.i5 

3  36  0 

.75 

18  0  0 

i6 

•  6666+ 

16 

.011111  + 

16 

.oooi852 

.16 

3  5o  24 

.76 

18  i4  24 

17 

.7083+ 

17 

.oii8o5+ 

17 

.0001968 

•17 

4  4  48 

•77 

18  28  48 

i8 

.7500+ 

18 

.oi25oo+ 

18 

.0002083 

.x8 

4  19  12 
4  33  36 

.78 

18  43  12 

19 

:llllt 

19 

.013194+ 
.013888+ 

19 

.0002190 
.00023 I $ 

.19 

•79 

18  57  36 

ao 

20 

20 

.20 

4  48  0 

.80 

19  12  0 

21 

.8750+ 

21 

.OI4583+ 

21 

.0002431 

.21 

5  2  24 

.81 

19  26  24 

22 

.9166+ 

22 

.015277+ 

22 

.0002546 

.22 

5  16  48 

.82 

19  4o  48 

23 

•9583+ 

23 

.015972+ 

23 

.0002662 

.23 

5  3i  12 

.83 

19  55  12 

94 

1 .  0000+ 

24 

25 

.016666+ 
.017361+ 

a4 

25 

.0002778 
.0002894 

.24 
.25 

5  45  36 
600 

.84 
.85 

20  9  36 
20  24  0 

26 

.018055+ 

26 

.ooo3ooo 
.ooo3i25 

.26 

6  x4  24 

.86 

20  38  a4 

9 

27 

.018750+ 

27 

.27 

6  28  48 

.87 

20  52  48 

1 

28 

.019444+ 

28 

.ooo324i 

.28 

6  43  12 

.88 

21  7  12 

t 

29 

.020I38+ 

29 

.0OO3356 

.29 

6  57  36 

.89 

21  21  36 

1 

3o 

.020833+ 

3o 

.0003472 

.3o 

7  12  0 

.90 

21  36  0 

3i 

.02X527+ 

3i 

.00O3588 

.3i 

7  26  24 

.91 

21  5o  24 

1 

32 

.022222+ 

32 

.0003704 

.32 

7  4o  48 

.92 

22  4  48 

33 

.022916+ 

33 

.0003819 
.0003935 

.33 

7  55  12 

.93 

22  19  12 
22  33  36 

34 

.023611  + 

34 

.34 

8  9  36 

.94 

•♦• 

35 

.o243o5+ 

35 

.ooo4o5i 

.35 

8  24  0 

.95 

22  48  0 

«| 

36 

.025000+ 

36 

.0004167 

.36 

8  38  24 

.96 

23  2  24 

& 

37 

.025694+ 

.026388+ 

37 

. 0004282 

.37 

8  52  48 

•97 

23  x6  48 

*8 

38 

38 

.0004398 

.38 

9  7  12 

.98 

23  3i  12 

ll 

39 

.027083+ 

39 

. 00045 i4 

.39 

9  21  36 

•99 

23  45  36 

4o 

.027777+ 

4o 

. 00046 3o 

.40 

9  36  0 

0  I  26.4 
2  52.8 

4  10. a 

5  45.6 

4i 

.028472+ 

4i 

. 0004745 

.41 

9  5o  24 

.001 

43 

.029166+ 

42 

.0004861 

.42 

10  4  48 

.002 
.oo3 
.004 
.oo5 
.006 
.007 
.008 

ll 

43 

.029861+ 

43 

,0004977 

.43 

10  19  12 
10  33  36 

44 

.o3o555+ 

44 

. 0005093 

.44 

45 
46 
47 

.o3xa5o+ 
.031944+ 
.032638+ 

45 
46 

47 

.ooo52o8 
.ooo53a4 
.ooo544o 

.45 
.46 
•47 

10  48  0 

11  2  24 
II  16  48 

7  12.0 

8  38.4 

10  4*8 

11  3l.2 

12  57.6 
i4  24.0 

3 

48 

.033333+ 

48 

.ooo5556 

.48 

II  3i  12 

49 

.034027+ 

49 

.0005671 

.49 

II  45  36 

.009 

5o 

,034722+ 

5o 

,0005787 

.5o 

12  0  0 

.010 

5i 

.035416+ 

5i 

.0005903 

.5i 

12  i4  24 

.0001 

0  0  8.64 

52 

.o36iii  + 

52 

.00060x9 

.52 

12  28  48 

.0002 

0  17.28 

* 

53 

.o368o5+ 

53 

.0006134 

.53 

la  43  12 

.ooo3 

0  25.92 
0  34.56 

+ 

54 

.037500+ 

54 

.0006250 

.54 

12  57  36 

.ooo4 

1 

55 

.038194+ 
.038888+ 

55 

.0006366 

.55 

i3  xa  0 

.ooo5 

0  43.20 

56 

56 

.0006481 

.56 

i3  26  24 

.0006 

0  51.84 

1 

u 

.039583+ 

57 

.0006597 

.57 

i3  4o  48 

.0007 

I  0.48 

.040277+ 

58 

.0006713 

.58 

i3  55  12 

.0008 

I  9.12 

59 

.040972+ 
.041666+ 

59 

.0006829 

.5o 

i4  9  36 

.0009 

I  17.76 

60 

60 

.0006944  .60 

i4  24  0 

.0010 

I  26.40 
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Table  IY. 


To  c(mi9€rt  inUrvdU 

ofUmn  Solar  Time  into  equhtdent  wtervaU  of  SiieretJ  'lime. 

HOUBS.                     II                HmUTU. 

■BC0RD8. 

|l          rmAOTtoae.          1 

Mean  T.|  Sidereal  Time.  llMean  T.|  Sidereal  Time. 

MeanT 

Stdeieal  Time.'!  MeanT. 

SIdvaalTlme. 

h. 

A.  m.         «.      ll      m. 

m.      «. 

9. 

«. 

9. 
0.02 

o.o4 

9, 

t 

I   o     9.856H       I 

X  0.164 

I 

i.oo3 

0.020 

2 

2  0  I9.7i3n      2 

2  0.329 

3  0.493 

4  0.657 

a 

2.oo5 

o.o4o 

3 

3  0  29.569II      3 

3 

3.008 

0.06 

0.060 

4 

4  0  39.436 

^ 

4 

4.0II 

0.08 

o.odo 

5 

5  0  49.282 

5 

5  0.821 

5 

5.014 

O.IO 

O.IOO 

6 

6  0  5o.i39 

7  I     8.995 

8  I   18. 852 

6 

6  0.986 

6 

6.016 

0.12 

0.t2o 

I 

7 

7  i.i5o 

7 

7.019 

0.14 

o.i4o 

8 

'  8  i.3i4 

8 

8.022 

0.16 

0.160 

9 

9  I  28.708 

9 

9  1.478 

9 

9.026 

0.18 

o.i8o 

10 

10  I  38.565 

10 

10  1.643 

10 

10.027 

0.20 

0.201 

II 

ir  I  48.421 

II 

II  r.807 

XI 

ii.o3o 

0.22 

0.23I 

12 

13    I    58.278 

12 

12  I. 971 

13 

X2.033 

0.24 

o.Mi 

i3 

i3- 2    8.134 

i3 

i3  3.136 

i3 

i3.o36 

0.26 

0.261 

i4 

i4  3  17.091 
i5  3  27.847 

i4 

i4  2.3oo 

i4 

i4.o38 

0.28 

0.281 

i5 

i5 

i5  3.464 

i5 

i5.o4i 

o.3o 

o.3oi 

i6 

16'  2  37.704 

16 

16  2.628 

16 

16.044 

0.32 

0.321 

17 

17*  2  47.560 

17 

17  2.793 

18  3.957 

»7 

17.047 

0.34 

0.341 

k^ 

18 

itf  2  57.417 

18 

18 

18.049 

0.36 

o.36i 

^9 

19  3     7.273 

»9 

19  3. 121 

»9 

19.062 

0.38 

o.38i 

20 

20  3  17.129 

20 

20  3.285 

20 

2o.o55 

o.4o 

o.4oi 

31 

21  3  26.086 

22  3  36.842 

21 

21  3.45o 

21 

21.067 

0.42 

0.421 

22 

22 

22  3.614 

22 

22.060 

o.U 

0.441 

23 

23  3  46.699 

24  3  56.555 

23 

23  3.778 

23 

23.063 

0.46 

0.461 

84 

24 

24  3.943 

24 

24.066 

0.48 

0.481 

=  25 

35  4*107 

25 

26.068 

o.5o 

o.5oi 

26 

26*4.271 

26 

26.071 

0.62 

0.621 

ll 

27  4.435 

27 

27.074 

0.54 

0.541 

ii 

28  4.600 

28 

28.077 

0.66 

0.662 

.^9 

29  4.764 

29 

29.079 

0.58 

0.682 

ll 

•3o 

3o  4.928 

3o 

30.082 

0.60 

0.602 

3i 

3i  5.oo3 
32  5.267 

3i 

3i.o85 

0.62 

0.622 

32 

32 

32.088 

0.64 

0.642 

33 

33  5.421 

33- 

33.090 

0.66 

0.662 

ill 

34 

34  5.585 

34 

34.093 

0.68 

0.682 

35 

35  5.760 

35 

35.096 

d.70 

0.702 

36 

36  5.914 

36 

36.099 

b.73 

0. 722 

ll 

37  6:078 

37 

37.101 
38.I04 

1^.74 

0.742 

38  6.242 

38 

L76 

0.763 

39 

39  6.407 

39 

39.107 

0\j8 

0.783 

4o 

4o  6.571 

4o 

4o,iio 

o.So 

0.803 

it 

4i  6.735 

4i 

4l.II2 

6.8^ 

0.823 

4* 

43-6;90D 

42 

42.116 

0.84 

0.843 

43 

43  7.064 

43 

43.118 

0.86' 

0.863 

44 

44  7.a«8 

44 

44.120 

6.88 

V    0.883 

45 

45  7.308 

46  7.557 

45 

46.123 

0.90 

\  0.903 

46 

46 

46.126 

0.93 

\p*933 

ii 

47  7-7ai 

47 

47.129 

6.94 

A943 

•48  7.885 

48 

48.i3i 

0.96 

o.^63 

fd 

49 

49  8.049 

49 

49.134 

0.98 

0.683 

5o 
5i 

5o  8.2i4 
51-8.378 

58 
5i 

60.137 
5i.i4o 

1.00 

i.Joo3 

j 

■  1^ 

52 

53  8.542 

52 

62 . 142 

1 

i 

53 

53  8.707 

53 

53.145 

J 

II 

54 

54  8.871 

54 

64.148 

) 

-55 

65  9.035 

55 

65. 161 

1 

56 

56  9.199 

57  9.364 

56 

66.153 

1 

HOQ 

.57- 

57 

67.166 

1           1 

58 

58  9; 628 

58 

68.169 

1           1 

59: 

.69  9.692  1 

59 

69.162 

r 

J 
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To  etmoert  nUervaU 

intervdls  of  Mean  Soiar  Time. 

BOVBS. 

HIHUTBt. 

■BCOWIM. 

FBACTIOVa.             I 

aider.  T. 

MeanTtme. 

Slder.  T. 

MeBnTtme. 

Slder  T. 

Mem  Time. 

Slder.  T. 

MeanTtme. 

k. 

A.  m.         «. 

m. 

m.        «. 

«. 

«. 

«. 

«. 

t  •' 

0  59  50.170 

I 

0  59.836 

I 

0.997 
1.995 

O.03 

o.oao 

d 

I  59  4o.34i 

3 

I   59.673 

a 

o.o4 

o.o4o 

3 

a  59  3o.5zi 

3 

3  59.509 
3  59.345 

3 

;'99a 

0.06 

0.060 

4 

3  59  ao.68a 

4 

4 

0.08 

0.080 

5 

4  59  10. 85a 

5 

459.181 

5 

0.10 

O.IOO 

6 

5  59     i.oa3 

6  58  51.193 

6 

5  59.017 

6  58.853 

6 

5.984 

O.I8 

0.I3O 

7 

7 

I 

6.981 

o.i4 

0.  i4o 

8 

7  58  41.364 

8 

7  58; 689 

8  58.536 

7.978 

0.16 

0.160 

9 

8  58  31.534 

9 

9 

8.975 

0.18 

0.180 

lO 

9  58  ai.704 

la 

9  58.363 

10 

9.973 

o.ao 

0.199 

II 

10  58  11.875 

II 

10  58.198 

II 

10.970 

0.33 

0.319 

IS 

II  '58     a. 045 

13 

II  58.034 

13 

11.967 

0.34 

0.339 

i3 

la  57  5a.ai6 

i3 

13  57.870 

i3 

13.965 

0.36 

0.359 

i4 

I 3  57  4a. 386 

i4 

i3  57,706 

i4 

13.963 

0.38 

0.879 

i5 

i4  57  3a. 557 

i5 

i4  57.543 

i5 

14.959 

o.3o 

0.399 

i6 

i5  57  33.737 

16 

i5  57.379 
16  57.315 

16 

15.956 

0.38 

0.319 

17 

16  57  13.897 

17 

17 

16.954 

0.34 

0.339 

i8 

17  57    3.068 

18 

17  57.o5i 

18 

17.951 
18.948 

0.36 

0.359 

19 

18  56  53.338 

»9 

18  56.887 

19 

0.38 

0.379 

ao 

19  56  43.409 

30 

19  56.733 

30 

19.945 

0.40 

0.399 

ai 

30  56  33.579 

31 

30  56.56o 

31 

30.943 

0.4a 

0.419 

aa 

31  56  33.750 

33 

31  56.396 
33  56.333 

33 

31.940 

0.44 

0.439 

33 

33  56  13.930 

33 

33 

33.037 

0.46 

0.459 

a4 

33  56    4.091 

a4 

35 

33  56. 068 

34  55.904 

a4 

35 

33.934 
34.933 

0.48 
o.5o 

0.479 
0.499 

a6 

35  55.741 

36 

85.939 

0.58 

0.519 

*7 

36  55.577 

37 

86.936 

0.54 

0.539 
0.558 

fig           :             aS 

37  55.4i3 

38 

37.934 

0.56 

|i 

39 

38  55.349 
89  55.085 

39 

38.931 

0.58 

0.578 

^1 

3o 

3o 

39.918 

0.60 

0.598 

3i 

3o  54.931 

3i 

3o.9i5 

0.68 

0.618 

3a 

Si  54.758 

38 

31.913 
33.910 

0.64 

0.638 

il^          33  1 

33  54.594 
33  54.430 

33 

0.66 

0.658 

jii 

34 

34 

33.907 

0.68 

0.678 

35 

34  54.366 

35 

34.904 

0.70 

0.698 

36 

35  54.103 

36 

35.908 
36.899 

0.7a 

0.718 

s 

36  53.938 

37 

0.74 

0.738 

37  53.775 

38 

0.76 

0.758 

38  53.611 

39 

38!8?4 

0.78 

0.778 

•39  53.447 

4o 

4o!8l8 

0.80 

0.798 

4o  53.383 

4i 

0.8a 

0.818 

4i  53.119 
4a  53.955 

48 

41.885 

0.84 

0.838 

43 

43.883 

0.86 

0.858 

5  a      3                 44 

43^  53.793 

44 

43.880 

0.88 

0.878 

g  „'^H             '  45 

44  58.688 > 

45 

44.877 

0.90 

0.898 

fii| J   ■      •       46 

45  53.464 

'  46 

45.874 

0.9a 

0.917 

f1'l«               47 

11+                   5i 
•a!                      5a 

46  5ai3oo 

^47 

46.873 

0.94 

0.937 

47  5a.i36, 

^48 

47.860 
48.866 

0.96 

0.957 

48  51.973 

49  5i«8og 

50  51.645 

49 

0.98 

0.977 

5o 

49.863 

1. 00 

0.997 

5i 

5o.86i 

5i  5i .461 

53 

51.858 

53  5t.3t7 

53  . 

53.855 

.|8. 

54 

53  5i.i53 

54   . 
55 

5^.853 

■sS 

55 

54  50.990 

55  5o.d36 

54.850 

cl                 5« 

56 

55.847 

56  50.663 

57 

56.844 

57  50.498 

58  50.334 

58 

57.843 

s. 

59 

58.839 
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Table  VI. 


To  convert  Degrees  into  Sidereal  Time. 

Are. 

Time. 

Are. 

Time. 

Are.  1  Time. 

Are. 

Time. 

Are. 

Time. 

/Ire.  1  Time. 

Are.lTime. 

Ure. 

Time. 

o 

k.   m. 

0 

k.  m. 

•   A.  m. 

e 

k.    m. 

e 

h.    m. 

e 

A.  m. 

* 

m.  9. 

" 

9. 

I 

0  4 

61 

4  4 

121  8  4 

181 

12   4 

241 

16  4 

3oi 

90  4 

1 

0  4 

I 

0.067 

2 

0  8 

62 

4  8 

122 

8  8 

182 

19   8 

942 

16  8 

3o9 

20  6 

2 

0  8 

9 

O.I33 

3 

0  12 

63 

4  12 

123 

8  12 

i83 

19  19 

243 

16  19 

3o3 

20  12 

3 

0  12 

3 

0.900 

4 

0  16 

64 

4  16 

124 

8  16 

1 84 

19  16 

244 

16  16 

3o4 

20  16 

4 

0  16 

4 

0.267 

5 

0  20 

65 

4  20 

125 

8  20 

1 85 

19  90 

245 

16  90 

3o5 

20  20 

5 

0  20 

5 

0.333 

6 

0  24 

66 

4  24 

[26 

8  24 

186 

19  94 

246 

16  24 

3o6 

90  94 

6 

0  24 

6 

0.400 

7 

0  28 

67 

4  28 

127 

8  28 

187 

19  28 

247 

16  98 

3o7 

90  98 

7 

0  28 

7 

0.467 

8 

0  32 

68 

4  32 

128 

8  32 

188 

19  32 

248 

16  32 

3o8 

20  32 

8 

0  32 

8 

0.533 

9 

0  36 

69 

4  36 

129 

8  36 

189 

12  36 

249 

16  36 

309 

20  36 

9 

0  36 

9 

0.600 

lO 

0  4o 

70 

4  4o 

i3o 

8  4o 

190 

12  4o 

25o 

16  4o 

3io 

20  4o 

10 

0  4o 

10 

0.667 

II 

0  44 

71 

4  44 

i3i 

8  U 

191 

19  44 

25l 

16  44 

3ii 

20  44 

II 

044 

XI 

0.733 

12 

0  48 

72 

4  48 

[32 

8  48 

192 

19  48 

252 

16  48 

3l2 

20  48 

12 

0  48 

12 

0.800 

i3 

0  52 

73 

4  5i 

i33 

8  52 

193 

19  59 

253 

16  52 

3i3 

20  52 

i3 

0  52 

i3 

0.867 

i4 

0  56 

74 

4  56 

1 34 

8  56 

194 

19  56 

254 

16  56 

3i4 

20  56 

i4 

0  56 

i4 

0.933 

i5 

I  0 

75 

5  0 

1 35 

9  ^ 

195 

i3  0 

255 

i>  0 

3i5 

21  0 

i5 

I  0 

i5 

1. 000 

i6 

I  4 

76 

5  4 

1 36 

9    4 

196 

i3  4 

256 

^7  4 

3x6 

21  4 

16 

1  4 

16 

1.067 

»7 

I  8 

77 

5  8 

137 

9  8 

197 

i3  8 

257 

17  8 

3x7 

21  8 

17 

1  8 

17 

I.I33 

i8 

I  12 

78 

5  12 

1 38 

9  12 

198 

i3  12 

258 

17  12 

3i8 

21  12 

18 

I  12 

18 

1.200 

19 

I  16 

79 

5  16 

139 

9  16 

199 

i3  16 

259 

17  16 

319 

21  16 

19 

I  16 

X9 

1.267 

20 

I  20 

80 

5  20 

i4o 

9  90 

200 

i3  20 

260 

17  20 

320 

21  20 

90 

I  90 

20 

1.333 

21 

I  24 

81 

5  24 

i4i 

9  24 

201 

i3  24 

261 

17  a4 

321 

21  24 

21 

I  94 

21 

1.400 

22 

I  28 

82 

5  28 

142 

9  28 

202 

i3  28 

262 

17  28 

322 

91  28 

29 

I  98 

22 

1.467 

23 

I  32 

83 

5  32 

i43 

9  32 

2o3 

i3  32 

263 

17  32 

323 

21  32 

23 

I  39 

23 

1.533 

24 

1  36 

84 

5  36 

144 

9  36 

2o4 

i3  36 

264 

17  36 

324 

21  36 

24 

I  36 

24 

1.600 

25 

I  4o 

85 

5  4o 

145 

9  4o 

2o5 

i3  4o 

265 

17  4o 

325 

21  4o 

25 

I  4o 

25 

1.667 

26 

I  44 

86 

5  44 

1 46 

9  44 

206 

i3  44 

266 

17  M 

326 

21  44 

96 

I  AA 

96 

1.733 

27 

I  48 

87 

5  48 

147 

9  48 

207 

i3  48 

267 

17  48 

327 

91  48 

97 

I  48 

27 

1.800 

28 

I  52 

88 

5  52 

148 

9  52 

208 

i3  52 

268 

17  52 

328 

21  52 

98 

I  52 

98 

1.867 

29 

I  56 

89 

5  56 

149 

9  56 

209 

i3  56 

269 

17  56 

329 

21  56 

29 

I  56 

99 

1,933 

3o 

2  0 

90 

6  0 

i5o 

10  0 

210 

14  0 

270 

18  0 

33o 

22   0 

3o 

2  0 

3o 

2.000 

3i 

2  4 

9» 

6  4 

i5i 

10  4 

211 

14  4 

271 

18  4 

33i 

29   4 

3i 

2  4 

3i 

2.067 

32 

2  8 

92 

6  8 

1 52 

10  8 

212 

14  8 

272 

18  8 

332 

22   8 

32 

2  8 

39 

9.133 

33 

2  12 

93 

6  12 

i53 

10  12 

2X3 

14  12 

273 

18  12 

333 

29  12 

33 

2  12 

33 

2.200 

34 

2  16 

94 

6  16 

1 54 

10  16 

214 

14  16 

274 

18  16 

334 

99  16 

34 

2  16 

34 

2.267 

35 

2  20 

95 

6  20 

i55 

10  20 

2l5 

l4  90 

275 

18  20 

335 

29  20 

35 

2  20 

35 

2.333 

36 

2  24 

96 

6  24 

1 56 

10  24 

216 

14  24 

276 

18  24 

336 

29  94 

36 

2  94 

36 

2.4oo 

37 

2  28 

97 

6  28 

i57 

10  98 

217 

14  28 

277 

18  28 

337 

22  28 

37 

2  28 

37 

2.467 

38 

2  32 

98 

6  32 

1 58 

10  32 

218 

14  32 

278 

18  32 

338 

22  32 

38 

2  32 

38 

2.533 

39 

2  36 

99 

6  36 

159 

Id  36 

219 

14  36 

279 

18  36 

339 

29  36 

39 

2  36 

39 

9.600 

4o 

2  4o 

100 

6  4o 

160 

10  4o 

220 

14  4c 

280 

Id  40 

34o 

29  4o 

4o 

2  4o 

40 

2,667 

4i 

2  44 

lOI 

6  44 

161 

10  44 

221 

14  44 

281 

18  44 

34i 

29  44 

4i 

2  44 

4i 

2.733 

42 

2  48 

102 

6  48 

162 

10  48 

222 

14  48 

282 

18  48 

342 

22  48 

42 

2  48 

49 

9.800 

43 

2  52 

io3 

6  52 

1 63 

10  52 

223 

14  52 

283 

18  52 

343 

22  52 

43 

2  52 

43 

9.867 

44 

2  56 

io4 

6  56 

1 64 

10  56 

224 

14  56 

284 

18  56 

344 

29  56 

44 

2  56 

44 

2.933 

45 

3  0 

io5 

7  0 

i65 

II  0 

225 

i5  0 

285 

19  0 

345 

23   0 

45 

3  0 

45 

3.000 

46 

3  4 

106 

7  4 

166 

n  4 

226 

i5  4 

286 

19  4 

346 

23  4 

46 

3  4 

46 

3.067 

47 

3  8 

107 

7  8 

167 

II  8 

227 

i5  8 

287 

19  8 

347 

23  8 

47 

3  8 

47 

3.133 

48 

3  12 

108 

7  12 

168 

II  12 

228 

i5  12 

288 

19  12 

348 

23  12 

48 

3  12 

48 

3.200 

49 

3  16 

109 

7  16 

169 

II  .16 

229 

i5  16 

289 

19  16 

349 

23  16 

49 

3  16 

49 

3.267 

5o 

3  20 

no 

7  20 

170 

II  20 

23o 

i5  20 

290 

19  20 

35o 

23  90 

5o 

3  20 

5o 

3.333 

5i 

3  24 

III 

7  24 

171 

II  24 

23l 

i5  24 

291 

19  a4 

35i 

23  24 

5i 

3  24 

5i 

3.400 

52 

3  28 

112 

7  28 

172 

II  28 

232 

i5  28 

292 

19  28 

352 

23  28 

52 

3  28 

59 

3.467 

I53 
^54 

3  32 

ii3 

7  32 

173 

II  32 

233 

i5  32 

293 

19  32 

353 

23  32 

53 

3  32 

53 

3.533 

3  36 

ii4 

7  36 

174 

II  36 

234 

i5  36 

294 

19  36 

354 

23  36 

54 

3  36 

54 

3.600 

55 

3  4o 

ii5 

7  4o 

175 

II  4o 

235 

i5  4o 

295 

19  4o 

355 

23  4o 

55 

3  4o 

55 

3.667 

'156 
57 

3  44 

116 

7  44 

176 

II  44 

23B 

i5  44 

296 

19  44 

356 

23  44 

56 

3  44 

56 

3.733 

3  48 

117 

7  48 

177 

II  48 

237 

i5  48 

297 

19  48 

357 

23  48 

57 

3  48 

57 

3.800 

58 

3  52 

118 

7  52 

178 

II  52 

238 

i5  52 

298 

19  52 

358 

23  52 

58 

3  52 

58 

3.867 

59 

3  56 

119 

7  56 

179 

II  56 

239 

i5  56 

299 

19  56 

359 

23  53 

59 

3  56 

59 

3,933 

60 

4  0 

120 

8  0 

180 

12  0 

240 

16  0 

3oo 

20   0 

36o 

24  o|| 

60 

LA 

60 

4.000 
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. 

Vo  eowMrt  Sidereal  THme  into  Degrees.  • 

Time. 

Arc. 

Time. 

Arc. 

Time. 

Are. 

Time. 

Arc. 

Time. 

Are. 

A. 

e 

m. 

e 

a. 

'     " 

a. 

" 

«. 

" 

I 

i5 

I 

0  i5 

I 

0  i5 

O.OI 

o.i5 

0.60 

0.00 

2 

3o 

3 

0  3o 

2 

0  3o 

0.02 

o.3o 

o.6i 

9.15 

3 

45 

3 

0  45 

3 

0  45 

o.o3 

0.45 

0.62 

9.30 

4 

6o 
75 

4 

I     0 

4 

I     0 

o.o4 

0.60 

0.63 

9.45 

5 

5 

I  i5 

5 

I  i5 

o.o5 

0.75 

0.64 

9.60 

6 

90 

6 

I  3o 

6 

I  3o 

0.06 

0.90 

0.65 

9.75 

7 

io5 

7 

I  45 

7 

I  45 

0.07 

i.o5 

0.66 

9.90 

8 

120 

8 

2     0 

8 

2    0 

0.08 

T.20 

0.67 

10. o5 

9 

i35 

9 

2  i5 

9 

2  i5 

0.09 

1.35 

0.68 

10, ao 

10 

i5o 

10 

2  3o 

10 

2  3o 

O.IO 

i.5o 

0.69 

10.35 

XI 

i65 

II 

245 

11 

2  45 

O.II 

1.65 

0.70 

10. 5o 

12 

180 

12 

3     0 

12 

3     0 

0.12 

1.80 

0.71 

10.65 

i3 

195 

i3 

3  i5 

i3 

3  i5 

o.i3 

1.95 

0.72 

10.80 

i4 

210 

i4 

3  3o 

i4 

3  3o 

o.i4 

2.10 

0.73 

10.95 

i5 

225 

i5 

3  45 

i5 

3  45 

o.i5 

2.25 

0.74 

II. 10 

i6 

24o 

16 

4    0 

16 

4    0 

0.16 

2.40 

0.75 

11.25 

I? 

255 

»7 

4  i5 

17 

4  i5 

0.17 

2.55 

0.76 

11.40 

iS 

270 

18 

4  3o 

18 

4  3o 

0.18 

3.70 

0.77 

11.55 

»9 

285 

19 

4  45 

»9 

4  45 

0.19 

2.85 

0.78 

11.70 

20 

3oo 

20 

5    0 

20 

5    0 

0.20 

3.00 

0.79 

11.85 

21 

3i5 

21 

5  i5 

21 

5  i5 

0.21 

3.i5 

0.80 

12.00 

22 

33o 

22 

5  3o 

22 

5  3o 

0.22 

3.3o 

0.81 

12. i5 

23 

345 

23 

5  45 

23 

5  45 

0.23 

3.45 

0.82 

12. 3o 

«4 

36o 

a4 

6    0 

24 

6    0 

0.24 

3.60 

0.83 

12.45 

25 

6  i5 

25 

6  i5 

0.25 

3.75 

0.84 

12.60 

26 

6  3o 

26 

6  3o 

0.26 

3.90 

0.85 

12.75 

37 

6  45 

27 

6  45 

0.27 

4.o5 

0.86 

12.90 

28 

7    0 

28 

7     0 

0.28 

4.20 

0.87 

r3.o5 

29 

7i5 

29 

7  i5 

0.29 

4.35 

0.88 

l3.20 

3o 

7  3o 

36 

7  3o 

o.3o 

4.5o 

0.89 

i3.35 

3i 

7  45 

3i 

745 

o.3i 

4.65 

0.90 

i3.5o 

32 

8     0 

32 

8     0 

0.32 

4.80 

0.91 

i3.65 

33 

8  i5 

33 

8  i5 

0.33 

4.95 

0.92 

i3.8o 

34 

8  3o 

34 

8  3o 

0.34 

5.  To 

0.93 

13.95 

35 

8  45 

35 

8  45 

0.35 

5.25 

0.94 

i4.io 

36 

9    0 

36 

9    0 

0.36 

5.40 

0.95 

14.25 

37 

9i5 

37 

9i5 

0.37 

5.55 

0.96 

14.40 

38 

9  3o 

38 

9  3o 

0.38 

5.70 

0.97 

14.55 

39 

945 

39 

945 

0.39 

5.85 

0.98 

14.70 

4o 

10     0 

4o 

10      Q 

0.40 

6.00 

0.99 

14.85 

4i 

10  i5 

4i 

10  i5 

o.4i 

6.i5 

1. 00 

i5.oo 

42 

10  3o 

4a 

10  3o  1  o.4a 

6.3o 

43 

10  45 

43 

10  45  1  0.43 

6.45 

44 

11     0 

44 

II     0 

0.44 

6.60 

45 

II  i5 

45 

II  i5 

0.45 

6.75 

46 

II  3o 

46 

II   3o 

0.46 

6.90 

47 

II  45 

47 

11  45 

0.47 

7.o5 

48 

49 
5o 

12     0 
12  i5 
12  3o 

48 
5o 

la     0 
12  i5 
12  3o 

0.48 

0.49 
o.5o 

7.20 
7.35 
7.5o 

Tbone.  of 

seconds  of 

Time. 

Are. 

" 

5i 

12  45 

5i 

12  45 

o.5i 

7.65 

O.OOI 

o.oi5 

52 

i3     0 

52 

i3     0 

0.52 

7.80 

.00a 

o.o3o 

53 

i3  i5 

53 

i3  i5 

0.53 

7.95 

.oo3 

0.045 

54 

i3  3o 

54 

i3  3o 

0.54 

8.10 

.004 

0.060 

35 

i3  45 

55 

i3  45 

0.55 

8.25 

.oo5 

0.075 

56 

i4    0 

56 

i4    6 

0.56 

8.4o 

.006 

0.090 

57 

i4  i5 

57 

i4  i5 

0.57 

8.55 

.007 

o.io5 

58 

i4  3o 

58 

i4  36 

0.58 

8.70 

.008 

0.120 

59 

i4  45 

59 

1445 

0.59 

8.85 

.009 

o.i35 

,    «o 

i5    0 

60 

i5    0 

0.60 

9.00 

.010 

o.i5o 
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Table  VIIL-^-Bbbbbl's   Refractions. 


ffi' 


Mean 

RcfViict. 


DiiRsr. 
IbrlO'. 


Log.  A. 


Log.  A. 


N, 


10 
20 

3o 
4o 
5o 

I  o 
lO 
20 

3o 
4o 
5o 


34  54  < 
32  49 
3o  52. 
29  3. 
27  22. 
25  49. 
24  &4. 
23  6. 
21  55. 
20  5o. 

5i. 

58. 


2  o 
10 
ao 
3o 
4o 
5o 

3  o 
10 
20 
3o 
4o 
5o 


18  b. 

17  23, 

xa  4o. 
i6  o, 
i5  23. 
i4  4? 
i4  i4. 
i3  43. 
i3  i5< 
12  4B. 

12  23. 
12  o, 


o 
10 
20 
3o 
4o 
5o 

o 
10 

20 

3o 
4o 
5o 
6  o 
10 
20 
3o 
4o 
5o 
o 
10 
20 
3o 
4o 
5o 

8  o 
10 
20 
3o 
4o 
5o 

9  o 
10 

20 
So 
4o 
5o 


zi  '66. 

I  18. 

10  58. 

10  39. 

10  31. 

^o  3. 
9  46. 
9  3o, 
9  16. 

9  I' 

8  48. 
8  35. 

8  23. 
8  II, 
8  o. 

49. 
39. 


6  53, 
6  45. 
6  37, 

6  29. 
6  22. 
6  i5. 


124.9 
116. 9 
108.8 
100.8 
92.9 
85,2 

77.9 
71. X 

64.7 
59.0 
53.9 

49.4 

45.6 

42.3 

39.8 

37.5 

35 

33 

3o 

a8 

86 

s4.6 
83. o 

21.8 

&0.6 

9-7 
9.0 

8.4 

7.9 
6.8 
5.6 
4.9 
4.1 
3.5 
2.8 

2.3 

1-7 
1.3 
0.8 
0.3 
0.0 
9.5 

8^8 
8.4 
8.2 

7-9 
7.6 
7.3 

7-1 

6.8 

6.6 

6.4 

6.1 

6.0 

5.7 

5.6 

5.5 

5 

5.1 


.75803 
.o3a48 
.18228 
.28x37 
.35300 
.40764 
.45086 
,48602 
,5i53o 
,54010 
,56i42 


57995 
,59618 
.6io4i 
.62278 
.63353 
,64386 
.65ix4 
.65869 
,6656o 
.67204 
,67813 
,68383 


,68908 
.69384 
.69816 
.70188 
, 7o5o5 
. 70778 
.71020 
.71279 
.71522 

71749 
,71961 
.72x60 

.72346 
.72519 
.72681 
,72832 
.72974 
,73xo5 
.73229 

.73347 
,73459 
.73564 
.73663 

73757 
•73845 
.73928 
, 74007 
,74o83 
.74x55 
.74233 
.74288 
,74352 
.7441a 
.74468 
.74521 
.74573 


,74633 
. 74670 
.747*4 
.74757 

,74799 
.74839 

.74876 
.749x2 

-74947 
.74981 
.75ox3 
,  75043 


.oo4i 
.oo4o 
.0039 
.oo38 
.0037 
.oo36 
.oo35 
.oo34 
.oo33 
.oo32 
.0081 
.oo3o 


.0420 
.0405 
.039S 
.0387 
.0377 
.0367 
.0357 
.0347 
.o33& 
.o32S 
.o3ife! 
.o3o6. 


.76072 
.76101 
,76129 
,76155 
,76x80 
.76206 
« 76229 
.76262 
.76274 
,76296 
763x6 
75336 


.oo3o 
.0089 
.00^8 
.0087 
.0037 
,oos6 
•oos6 
.0036 
•0036 
•0034 
•  0034 
.008  3 


.02991 
.029c 
.0281 
.0372 

. 0364 ; 
.0266 
.0362 

.oa46 
.o34x 
•  0336 
.03  So 
.0335 


.76355 
.75373 
.76391 
,76408 
.76426 
►7544X 
.75457 
,75543 
.76616 
.76676 
.76726 
7577' 
.76809 
.76842 
,76871 
.76897 
.76919 
.76939 
,76967 
,76973 
,76988 
. 76001 
,76012 
,76023 

.76033" 
. 76042 
. 76060 
,76068 
, 76066 
,76071 
.76077 
. 76082 
. 76087 
, 76092 
. 76096 
,76100 


I . 0320 
I.OSI6 
I.03I2 
I.OS08 
I .0204 
I .0300 
1.0197 
I. 0175 
Z.O166 

I. OX 39 

X.OX34 
I. 011: 

X.OXOI 
1.0092 

I.0083 

1.0076 

1.0068 

i.oo63 

X.0066 

i.oo54 

X.0049 

i.oo46 

1.0043 

X .oo4o 

X.0037 

i.oo34 

I .oo3i 

I .0039' 

1.0027 

1.0026 

I .ooaS 

I.0023 

1.0021 
T.0020 
1.0019 
I. 0019 


Tablb    YIII.->-BbS8BL'8    RsFBAOTIjOMS. 


36S 


T 


45 
46 

47 
48 

t 

5i 
5a 
53 
54 


55   4o 


56 


38. 


^7 
58 
59 
6o 


6i    32 


62 
63 
64 
65 
66 
67 
68 


69 
70  |ai, 

71 
72 

73 

75 

80 
85 
90 


Mean 
RflT. 


DiA 


a.o 
•9 
•9 

•7 
.8 

•7 
•6 
.6 
.6 
.5 
.5 

,4 
.4 
.4 
.4 
.3 
.3 
,3 
;2 
.3 

•  2 
.2 

.2 

.1 
.2 
.1 

•  I 
.1 
.1 
.1 

5.3 
5.1 
5.1 


Irf)g.  A. 


.76104 
.76107 
.76111 
.76114 
•761J7 
.76119 
^76122 
•76124 
.76126 
.7^128 
.76130 
.76132 


.76134 

•76x36 
.76138 
•76139 
.76140 
»76i43 
.76143 


5 

76i44||a9-fi 


76145 
76146 

7^147 
76148 


,76148 
76149 
76x5o 
76150 
76i5i 
76i5i 
,76152 
.76154 
.76156 
,76156 


27.9 
28.0 
28.1 
28.2 
28.3 
28.4 
28.5 
28.6 
28.7 
28.8 


Factor  B,  dflpfloding  <m  t 
BanuMler. 


Bug. 
Id. 


29.7 
29.8 
29.9 
3o.o 


3o.i 
3o.2 
3o.3 
3o.4 
3o.5 
3o.6 
30.7 
3o.8 
30.9 
3z.o 


B. 


943 
946 

in 

956 
960 
963 
966 
0.970 
0.973 


0,976 
980 
0.983 
987 
0.990 
0.993 
0.997 
I  ..000 
i.oo3 
1.007 
1. 0x0 
1.014 


017 
020 
024 
027 
o3i 
o34 
037 
.o4i 
x.o44 
X.047 


LOC.B. 


02  564 
,62409 
.02254 
.02099 
.01946 
.01793 
>oi64o 
,0x488 
.0x336 
.oii85 


+0 

+0 
+0 
+0 


>oio35 
.00885 
.00735 
.oo586 
.oo438 
.00290 
,00142 
. oooo5 
,oox5i 
00297 
06443 
00588 


+0. 
+0. 
+0, 
+0. 
+0. 
+-0. 
+0, 
+0. 

+0. 
+0. 


00732 
00876 
01020 
oxi63 
oi3o6 
ox448 
0x589 
0x731 
0x871 
02012 


Factor  f,  dqwnding  iwi  the  attaehed  ThennometMrT 
Fahrenheit. 


Fahr. 
Peg: 


— 20 
— x5 
— 10 
—  5 
o 
+  5 
+  10 

+20 

+25 

+3o 
+35 


oo5 

oo4 

oo4 

oo3 

oo3 

oo3 

1 .002 

1.002 

x.oox 

1. 001 

x.ooo 

1. 000 


Log.  I. 


0.999 
0.999 
0.998 
0.998 
0.997 
0.997 

997 
996 
996 
995 
995 
994 


Log.  (. 


ooo3i 
ooo5o 
00070 
00089 
00x09 
00x26 
00 1 48 
0.00167 
0.00186 

o . 00205 
0.00225 
Q. 00244 


Log.  !Refraction=:lQff.  eotang.  App.  Alt+log.  A 
+M(log.  B+log.  I)+N  log.  T. 

True Refiraction=Meaii  RefiactionX B XtxT, 


Factor  T, 


on  the  extamid 
'ahrenhatt. 


Fahr. 
Deg. 


-ao 

I 

X 

17 
x6 
x5 
i4 
x3 
12 

XI 


2 
3 
4 
5 
6 

7 
8 

9 
10 

IX 

12 
i3 


i4 
i5 
16 

17 

18 

19 
20 

21 
22 

23 

24 

25 


26 
27 
28 
29 

3o 
3x 

32 

33 
34 
35 
36 
+37 


+P 
+0- 
+0. 
+P, 
+0, 
+oi 
+0. 
+0. 
+0, 
+0, 
+0- 
+0. 


01 
098 
096 
094 
091 
089 
087 
084 
082 
080 
078 
075 


073 
071 
069 
066 
o64 
062 
060 
057 
o55 
o53 
o5i 
049 


047 
o44 
042 
o4o 
o38 
o36 
o34 
o32 
o3o 
028 
026 
024 


Log.T. 


+0 
+0 

+0 

+0 
+0 
+0 
+0 

+0 

+0 

+0 


,06279 
.06181 
.06083 
o5«85 
,05887 
,05790 
,05693 
,05596 
,o55oo 
o54o3 


,  o53o7 
,o52ii 
o5ii5 
o5oao 
04924! 
04829' 
04734 
o464o 
04545 
0445 1 
04357 
04263 


+0. 
+P. 
+Q- 
+P- 
+P. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 


04169 
04076 
03982 
03889 
03796 
03704 
o3&zz 
035.19! 
03427 
03335 
08243 
o3i52 


+P. 
+P. 
+0. 
+0. 
+6- 
+0. 
+0. 
+0. 
+6. 
+6. 
+6. 
+0, 


o3o6o 
02969 
02878 
02787 
02697 
02606 
02S14 
02426 
02336 
02247 
02157 
02068 


+0 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0, 
+0. 
+0, 
+0 


01979 
01890 
01801 
01713 
01624 
01 536 
oi448 
oi36o 
01273 
oii85 
01098 
oxoii 


Fahr. 
Deg. 


38 

4o 
4i 
43 
43 
44 
45 
46 
47 


001 
000 
0.998 
0.996 
0.994 
0.992 
0.990 
0.988 
0.986 
0.984 
0.98a 
0,980 


.oaa 

.019 
.0x7 
.0x5 
.01 3 
.011 
.009 
.007 
.oo5 
.oo3 


0.978 
0.977 
0.975 
0.973 
p. 971 
0.969 
0*967 
0.965 
0.964 
0.96a 
0.960 
0.958 


0.966 
0.955 
p. 953 
0.951 
0.949 
0.948 
o .  946 
0,944 
0.942 
0.941 
0.939 

0-937 


Log.T. 


+0, 
+0. 
+0, 
+0. 
+0, 
+0. 
+0. 
+0, 
+0. 
+0. 


00924 
00837 
00760 
00664 
00678 
00492 

oo4o6 

00320 

00234 
00149 


00064 
,00021 
,00106 
0019X 
00276 
oo36o 
oo444 
,00628 
00612 
00698 
00780 
oo863 


, 00946 
,01029 
,01112 
,01196 
,01278 
.ox36o 
.0x443 
ox  5a  5 
,0x607 
,01689 
.0x770 
.01862 


— o 
— 0 
—0 
— o 
^-o 
■0 
-^o 
— o 


— o 
— o 
0 
o 
— o 
^— o 


p. 935 
0.934 
0.932 
0.930 
0.929 
o  927 
0.926 
0.924 
0.922 

0.920j-i— o 

0.919 

0.917 


01933 
02016 
02096 
,02x77 
,02267 
02338 
02419 
02499 
03679 
02669 
02738 
02819 


02898 
02978 
03067 
o3i36 
o32i6 
03294 
03373 
03462 
o353o 
,o36o9 
03687 
,03766 


366      Table   IX.—^oEFFiciENTS  of  the   Errors   of  the 


N.P.D. 


Azimuth. 


Diff.       Level. 


DifT.      CoUim. 


N.P.D.l  Aiimmh. 


Diff.  I     Level.     |  Dtff. 


Collim. 


i4o 
1 39 

1 33 
137 
1 36 
i35 

1 34 
i33 
i3a 
i3i 


i3o 
129 
128 
127 
126 
ia5 
124 

123 

122 
121 


lao 

i; 

i: 


109 
108 
107 
106 
io5 
io4 
io3 
102 

lOI 


xoo 

99 

98 

97 

95 

94 
93 
92 
91 


90 
89 
88 
87 
86 
85 
84 
83 
82 
81 


.555 
.523 
.492 
.463 
.434 
.406 
.379 
.354 
.329 
.3o4 


.281 
.258 
.236 

.2X4 

.193 

.173 

.i53 
.i33 
.114 
.096 


.077 
.059 
.042 
.024 
.007 
+0.991 
+0.974 
+0.958 
+0.942 
+0-9^7 


+0.911 
+0.896 
+0.881 
+0.866 
+o.85i 
+0.836 
+0.822 
+0.808 
+0.793 
+0.779 


+0.765 
+0.751 
+0.737 
+0.723 
+0.710 
+0.606 
+0.682 
+0.669 
+0.655 
+0.64I 


+0.628 
+0.6x4 
+0.601 
+0.587 
+0.573 
+o.56o 
+0.546 
+0.532 
+o.5x9 
+o.5o5 


o32 
o3x 
029 
029 
028 
027 
02  5 
025 
025 

023 

023 

022 

022 

02  X 

020 

020 

020 

o 

o 


+0 
+0 

+  0 

+0 
+0 
+0 
+0 
+0 
+0 
+0 


+0 
+0 
+0 
+0 
+0 
+0 
+0 

+0 

+0 
+0 


+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 


+0 
+0 

+0 

+0 
+0 
+0 

+0 

+0 
+0 

+0 


+0 
+0 
+0 
+0 
+0 
+0 
+0 

+0 

+0 
+0 


+0 

+0 

+0 
+0 
+0 

+0 

+0 
+0 
+0 
+0 


o3o 
o56 
08  X 
xo5 
X28 
i5o 
172 
X93 

2X3 
232 


25l 

270 

288 

3o5 

322 

339 

355 

371 
386 
4ox 


4x6 
43o 
444 
458 
472 
486 

499 

5X2 

525 
537 


55o 
562 
574 
586 
599 
610 
622 
633 
645 
656 


668 
679 
690 
701 
7x2 
723 
734 
745 
756 
767 


778 
789 
800 
81X 
822 
833 
844 
855 
867 
878 


026 
025 
024 
023 
022 
022 
02  X 
020 

9 
019 
o 
o 
o 
o 
o 
o: 
o 
o 
o 


556 
524 
494 
466 
44o 
4i4 
390 
367 
346 
325 


80 

79 
78 

77 

75 
74 
73 
72 

71 


+0.49X 

+0.477 
+0.462 

+0.448 
+0.434 
+0.4x9 
+o.4o5 
+0.390 
+0.375 
+o.36o 


3o5 
287 
269 
q52 
236 
221 
206 
X92 
X79 
X67 


70 

§ 

67 
66 
65 
64 
63 
62 
6x 


+0.345 
+0.329 
+o.3i3 
+0.298 
+0.28X 
+0.265 
+0.248 

+  0.23X 
+  0.2X4 

+0.196 


i55 
x43 
i33 

X22 
Xl3 

io3 
095 
086 
079 
071 


60 
59 

58 

57 
56 
55 
54 
53 

52 

5x 


064 
o58 
o5x 
o46 
o4o 
o35 
o3i 
026 
022 
0x9 


5o 

49 

48 

47 
46 
45 
44 
43 
42 
4x 


0x5 
0x2 
010 
008 
006 
oo4 
002 
001 
001 
000 


40 
39 
38 

37 
36 
35 
34 
33 

32 

3x 


000 
000 
001 
001 
002 
oo4 
006 
008 
0x0 
0x2 


3o 
29 
28 
27 
26 

25 

24 

23 

22 
21 


+0.179 
+0.160 

+0.142 
+0.122 
+o.xo3 
+o.o83 
+0.062 
+o.o4i 
+0.020 
— 0.002 


-0.025 

-0.049 
-0.073 
-o . 098 

-0»X24 

-o.x5o 
-0.178 
-0.207 
-0.237 
-0.267 


-o.3oo 
-0.333 
-0.368 
-o.4o5 
-0.443 
-0.484 
-0.526 
-0.571 
-0.6x8 
-0.667 


— 0.720 
0.776 

— 0.836 

— 0.900 
0.968 

— x.o4x 

— I.X20 

— X .206 
— X.298 
— X.400 


0x9 
020 
02  X 
02  X 


023 

024 
024 
025 
026 
026 
028 
029 
o3o 
o3o 
o33 
o33 
o35 
037 
o38 
o4x 
042 
045 
047 
049 
o53 
o56 
060 
064 
068 
073 
079 
086 
092 
102 


+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 


+ 

+ 

+ 

+2 

+2 

+2 

+2 

+2 

+2 

+2 


889 
900 
9x2 
923 
935 

947 
958 
970 
982 
994 


007 
0x9 
o32 

045 

o58 
07X 
o85 
098 
X12 
X26 


x4i 
1 56 
17X 
186 
202 

2X8 

234 

252 
269 
287 


3o5 
324 
344 
364 
385 
4o6 
428 
452 
476 
5ox 


527 
554 
582 
6x2 
643 
675 
709 
745 
783 
823 


866 
911 
959 
oxi 
066 

125 

189 

257 
332 
4x4 


o 

o: 

020 

020 

021 

021 

022 

oa4 

024 

02  5 

026 
027 
028 
o3o 
o3x 
o32 
o34 
o36 
o38 
o4o 

oA'i 
o48 
o52 
o55 
o5 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+_ 

-ha 

+  2 

+  2 
+  =^ 
+a 

'^:+2 


068 

075 
082 


+a 
+=* 

+a 

+2 


ox5 
0x9 
022 
026 
o3i 
o35 
o4o 
o46 
o5i 
o58 


o64 
07  X 
079 
086 
095 
xo3 
1x3 
122 
i33 
143 


1 55 
167 
179 
192 
206 
221 
236 

252 
269 
287 


3o5 
325 
346 
367 
390 
4i4 
440 
466 
494 
524 


556 
589 
624 
662 
701 
743 
788 
836 
887 
942 


000 
o63 
i3o 
2o3 
281 
366 
459 
559 
669 
790 
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N.  P.  DUt.    Azimuth.         Level.        Collimation. 


Polaris.     Upper  Culmination. 


N.P.D 


Asironth. 


DUr.        L«vel.     I  Diff.  CoUimation.l  DUT 


+21 
20 

;i 

I? 

i6 
i5 
i4 
i3 

12 


II 
10 


-  3 

-  3 

-  4 

-  4 

-  5 

-  6 

-  8 

-lO 

-i4 

-21 


-43 
+45 

+22 

+  i5 
+n 
+  9 
+  8 
+  6 
+  6 


-29 
-3o 
-3i 

-32 

-33 
-34 
-35 
-36 
-37 
-38 


4oo 
5ii 
633 
767 
918 
086 
277 
494 
743 
o34 


376 
786 
286 
910 
711 

777 
268 

502 
223 
660 


.III 
.122 

.i34 
.i5i 
,168 
,191 
,217 
249 
.291 

.342 
.410 
.5oo 
.624 
,801 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+12 

+18 


9bi 

217 
916 

47 

75 

524 

o33 

967 

166 


542 
o4i 
632 
290 
000 

749 
532 
342 
174 
023 


66b 
766 
655 
554 
461 
376 
297 
224 
i55 
092 


o32 

976 
923 
873 
826 
782 

739 
624 


.801 
,624 

.5oi 
409 
,342 
.290 
,2di 
.217 
.190 
,168 
.i5i 
,i35 
.122 
III 
,101 
093 
o85 
079 
073 
069 
>o63 
,060 
o56 
,o53 
.o5o 
,047 
o44 
.043 
.o4o 
,o38 
.037 


+36 

—35 
—17 
— II 

—  8 

—  6 

—  5 
4 

—  3 


4i4 
5o3 
602 
711 
832 
968 
122 
297 
498 
732 


008 
340 
743 
246 
892 
752 
955 
757 
759 
759 


75o 

193 
202 
202 
201 
398 
196 
336 
689 
186 
783 
452 
176 
942 
740 
565 
4ii 
275 
1 54 
045 

o47 
857 
776 
701 
632 
568 
509 
454 
4o3 

354 
309 
267 
227 
189 
i53 
118 
086 
o55 

025 


.089 
.099 

,109 

.121 

,i36 
,i54 
,175 
,201 
.234 


.276 
.332 
.4o3 
.5o3 
.646 
.860 


+  5 
+  5 
+  6 
+  7 
+  8 
+  9 
+  11 
+i4 

+28 


.860 
.647 
.5o3 
.4o3 
.33i 
.276 
.234 
.202 
.175 
.i54 
.i36 
.121 
.109 
.098 
.090 
.081 
.075 
.069 
.064 
.059 
.o55 

•  o5i 

.049 
.045 
.042 
.o4o 
.o38 
.036 

•  o35 
.o32 
.o3i 

•  o3o 


+57 

-57 
—28 
-.19 
-i4 
— II 


—  7 


790 
924 
072 
236 
420 
628 
864 
1 34 
445 
810 


241 
759 
392 
1 85 
206 
567 
474 
336 
107 
654 


299 

299 
654 
107 
336 
474 
567 
206 
i85 


392 
759 
24 1 
810 
445 
1 34 
864 
628 
420 
236 


072 
924 
790 
669 
559 
459 
366 
281 

203 

i3o 


o63 
000 
942 
887 
836 
788 
743 
701 
662 
624 


,i34 
.148 
.164 
.184 
.208 
.236 
.270 
.3ii 
.365 

.43i 
.5i8 
.633 
.793 


,793 
.633 
.5i8 
.431 
.365 
.3ii 
.270 
.236 
.208 
.184 

.164 
.i48 
.134 
.121 

>IIO 

.100 
.093 
.o85 
.078 
.073 
.067 
.o63 
.o58 
.o55 
>o5i 
.o48 
.045 
.042 
.039 
»o38 


3i  o 
3o  5o 
3o  4o 
3o  3o 
3o  20 
3o  10 
3o  o 
29  5o 
29  4o 
29  3o 


—28.768 

—  .822 

—  .876 

—  .930 

—  .984 
— 29.039 

—  .094 

—  .i5o 

—  .2o5 

—  .261 


+24. 

+  . 

+  . 

+  . 

+  . 

+  . 

+  . 

+  . 

+  . 

+  - 


493 
536 
58o 
624 
668 
712 
766 
801 
845 
890 


+37.782 

+     .85i 

+     .931 

+     -991 

+38. 061 

+     .i3i 

+ 

+ 

+ 

+ 


.272 
.344 
.4i5 


Pdaris.    Lower  Culmination. 

-37.782 

-  .85i 

I—  .921 

—  .991 
— 38.061 

—  .i3i 


3i  o 
3o  5o 
3o  4o 
3o  3o 
3o  20 
3o  10 
3o  o 
29  5o 
29  4o 
29  3o 


+30.023 

— 22.936 

+     -077 

—     .980 

+       .l32 

—23. 023 

+   .186 

-  .067 

+     .24i 

—     .Ill 

+  .295 

-     .i55 

+     .350 

— •    .200 

+     .4o5 

-     .244 

+     .461 

—     .289 

+     .5i6 

-     .334 

.202 
.272 

.344 

.4i5 


X  Vnm  Minoris.    Upper  Culmination. 

[  9  0—38.144+32.057+49.826 
8  5o—  .238-1-  .i32-|-  -946 
8  4o—  .332-1-  .209-1-50.068 
8  3o—  .426+  .285+  .189 
820—     .5224-     .362-1-     .3i2 

8 10—   .618  4-   .439-1-   .435 

X  Ursae  Minoris.     Lower  Culmination. 

—49.826 

-  .946 
— 5o.o68 

,189 

.312 

—  .435 
51  Cephei.    Upper  Culmination. 


8  5o 

+39.399 

— 3o.5oo 

+     .493 

—  .576 

—  .652 

8  4o 

+     .587 

8  3o 

+     .682 

=  :n 

8  20 

+     .778 

8  10 

+     .874 

—     .883 

45  o 
44  5o 
4440 
44  3o 


—15.576 
—  .591 
.608 
.625 


+  i3.85o 

+     .864 

+     .877 
+     .890 


+20.843 
+  .864 
+  .885 
+     .906 


51  Cephei.    Lower  Culmination. 


2  45  o 
44  5o 
44  4o 
44  3o 


+  i6.83i 

— 12.293 

+     .848 

—     .307 

+     .864 

—     .320 

+     .880 

—     .333 

-20.843 

—  .864 

—  .885 

—  .906 


S  Ursae  Minoris.    Upper  Culmination. 


3  94  20 
24  10 
24    o 


— i2.45i 
.46i 
—     ^472 


+11.329 
+  .338 
+     .347 


+  16.834 
+  .848 
+     .862 


S  Urstt  Minoris.    Lower  Culmination. 


3  24  20 
24  10 
24    o 


+13.707 
+  .718 
+     -739 


—  9.773 

—  .781 
-790 


16.834 
.848 
—     .862 


368  Table  X.f*-*RBDucTioN  to  thb  Heridiav.  .Part  ](•. 


Sac 

Om. 

Im. 

Sol 

3m. 

4m. 

5m. 

6m. 

7m. 

8m. 

9m. 

10  m. 

XXm. 

0 

0.0 

2.0 

7-8 

17.7 

3i.4 

49.1 

70.7 

96.2 

125.7 

159.0 

ft 
196.3 

237.5 

I 

0.0 

2.0 

8.0 

17.9 

31.7 

49.4 

71. 1 

96.7 

126.2 

159.6 

197.0 

938.3 

2 

0.0 

2.Z 

8.1 

18. 1 

3z.9 

49-7 

71.5 

97.1 

126.7 

160.2 

197.6 

239.0 

3 

0.0 

2.2 

8.2 

18.3 

32.2 

5o.i 

71.9 

97.6 

127.2 

160.8 

198.3 

939.7 

4 

o.o 

2.2 

8.4 

18.5 

32.5 

5o.4 

72.3 

98.0 

127.8 

161.4 

198.9 

940.4 

5 

0.0 

2.3 

8.5 

18.7 

32.7 

50.7 

72.7 

98.5 

128.3 

169.0 

199.6 

241.1 

6 

0.0 

3.4 

8.7 

18.9 

33.0 

5i.i 

73.1 

99.0 

128.8 

169.6 

200.3 

941.9 
949.6 

7 

0.0 

3.4 

8.8 

19,1 

33.3 

5i.4 

73.5 

99.4 

129.3 

163.9 

200.9 

8 

0.0 

3.5 

8.9 

19.3 

33.5 

5i.7 

73.9 

99.9 

129.9 

163.8 

201.6 

243.3 

9 

0.0 

3.6 

9.1 

19.5 

33.8 

52. 1 

74.3 

100.4 

i3o.4 

164.4 

208.2 

244.1 

lO 

0.1 

3.7 

9.2 

19.7 

34.1 

52.4 

74.7 

100.8 

i3o.9 
i3i.5 

i65.o 

202.9 

244.8 

II 

0.1 

3.7 

9.4 

19.9 

34.4 

52.7 

75.1 

IOI.3 

165.6 

2o3.6 

345.5 

la 

0.1 

8.8 

9.5 

20.1 

34.6 

53.1 

75.5 

101.8 

i32.o 

166.2 

2o4.2 

246.3 

i3 

0.1 

a. 9 

9.6 

20.3 

34.9 

53.4 

75.9 

IOB.3 

132.6 

166.8 

204.9 

247.0 

i4 

0.1 

3.0 

;.8 

20.5 

35.2 

53.8 

76.3 

102.7 

I33.I 

167.4 

2o5.6 

247-7 

i5 

0.1 

3.1 

9.9 

20^7 

35.5 

54.1 

76.7 

I03.2 

133.6 

168.0 

906.3 

248.5 

i6 

0.1 

3.1 

10. 1 

20.9 

35.7 

54.5 

77.1 

103.7 

i34.2 

168.6 

906.9 

249^ 

I? 

0.2 

3.2 

10. a 

2I«2 

36. 0 

54.8 

77.5 

104.2 

134.7 

169.2 

907.6 

1149.9 

i8 

0.2 

3.3 

10.4 

21.4 

36.3 

55.1 

lU 

104.6 

i35.3 

169.8 

208.3 

2  50.7 

19 

0.2 

3.4 

I0.5 

21.6 

36.6 

55.5 

loS.i 

i35.8 

170.4 

208.9 

251.4. 

ao 

0.2 

3.5 

10.7 

21.8 

36.9 

55.8 

78.8 

io5.6 

136.3 

171. 0 

209.6 

262.9 

31 

0.2 

3.6 

10.8 

22.0 

37.2 

56.2 

79.2 

106. 1 

x36.9 

171.6 

210.3 

253. 0 

aa 

0.3 

3.7 

II. 0 

22.3 

37.4 

56.5 

79.6 

106.6 

137.4 

179.3 

211.0 

853.6 

aS 

0.3 

3.8 

XI. 2 

22.5 

37.7 

56.9 
57.3 

80.0 

107.0. 

I38.0 

179.0 
173.5 

211.7 

254.4 

24 

0.3 

3.8 

II. 3 

22.7 

38. 0 

80.4 

107.5 

138.5 

212.3 

355.1 

a5 

0.3 

3.9 

II. 5 

22.9 

38.3 

57.6 

80.8 

loa.o. 

139.1 

174. 1 

2l3.0 

955.9 
856.6 

26 

0.4 

4.0 

11.6 

b3.i 

38.6 

58.0 

81.3 

108^.5 

139.6 

174.7 

213.7 

37 

0.4 

4.1 

II. 8 

2S.4 

38.9 

58.3 

81.7 

109.0 

i4o.2 

175.3 

ai4.4 

357.4 

aS 

0.4 

4. a 

11.9 

23.6 

39. 2 

58.7 

82.1 

109.5 

i4o.7 

%1 

2l5.I 

858. 1 

29 

0.5 

4.3 

12. 1 

23.8 

39.5 

59.0 

82.5 

IIO.O 

i4i.3 

9i5.8 

258.9 

So 

0.5 

4.4 

12.3 

24.0 

39.8 

§9-4 

83.0 

1 10 .4 

i4i.8 

I'jj.a. 

216.4 

259.6 

3i 

0.5 

4.5 

12.4 

24.3 

4o.i 

59.8 

83.4 

110.9 

.i4a.4 

177.fi 

217.1- 

260.4 

3a 

0.6 

4.6 

12.6 

24.5 

40.3 

60.1 

83.8 

1 11 .4 

143.0 

17B-4 

217.8 

261.1 

33 

0.6 

4.7 

12.8 

34.7 

40.6 

60.5 

64.2 

III. 9 

143.5 

179.0 

918.5 

261.9 

34 

0.6 

4.8 

12.9 

25. 0 

40.9 

60.8 

84.7 

I12i 

i44.r 

179.7 

919.9 

962.6 

35 

0.7 

4.9 

i3.i 

25.2 

4i.2 

61.2 

85.x 

1X2.9 

144.6. 

180.3 

919.9 

290.6 

263.4 

36 

0.7 

5.0 

i3.3 

25.4 

4i.5 

61.6 

85.5 

n3.^ 

145.3 

180.0 
181 .6 

964.x 

37 

0.7 

5.1 

i3.4 

25.7 

41.8 

61.9 
62.3 

86.0 

xi3.^ 

145.8 

99X.3 

264.9 

38 

0.8 

5.2 

i3.6 

25.9 

43.1 

86.4 

114.4 

i46.3. 

182.9 

999.0 

265.7 

39 

0.8 

5.3 

i3.8 

26.2 

42.5 

62.7 

86.8 

114.9 

146.9 

182.8 

999.7 

266.4 

4o 

0.9 

5.4 

i4.o 

26.4 

4?. 8 

63. 0 

87.3 

X15.4 

147.5 

183.5 

333.4 

267.9 

4i 

0.9 

5.6 

14.1 

36.6 

43.1 

63.4 

87.7 

115.9 

i48.o 

184.1 

994.1 

a68.o 

43 

I.O 

5.7 

14.3 

36.9 

43.4 

63.8 

88.1 

116.4 

148.6 

184.7 

224.8 

968.7 

43 

I.O 

5.8 

i4.5 

27.1 

43.7 

64.2 

88.6 

116. 0 

149.2 

185.4 

995.5 

969.5 

44 

I.I 

5.9 

14.7 

37.4 

44.0 

64.5 

89.0 

117.4 

149.7 

186.0 

996.9 

970.3 

45 

I.I 

6.0 

i4.8 

37.6 

44.3 

64.9 
65.3 

89.5 

117.9 

i5o.3 

186.6 

996.9 
997.6 

871.0 
971.8 

46 

1.2 

6.1 

i5.o 

37.9 

44.6 

89.9 
90.3 

118.4 

i5o.9 
i5i.5 

187.3 

47 

1.2 

6.2 

x5.2 

38.1 

44.9 

65.7 

118.9 
119.5 

\lu 

998.3 

979  .& 

48 

1.3 

6.4 

i5.4 

28.3 

45.2 

66.0 

90.8 

l52.0 

999.0 

973.3 

49 

1.3 

6.5 

i5.6 

38.6 

45.5 

66.4 

91.2 

120.0 

i52.6 

189.2 

929.7 

374.1 

5o 

1.4 

6.6 

i5.8 

38.8 

45.9 

66.8 

91.7 

120.5 

i53.2 

189.8 

a3o.4 

374.9 
875.6 

5i 

1.4 

6.7 

i5.o 

39.1 

46.2 

67.2 

92.1 

lai.o 

i53.8 

190.5 

93l  .1 

52 

1.5 

6.8 

i6.i 

39.4 

46.5 

67.6 

92.6 

121.5 

i54.4 

191.  X. 

93r.8 

876.4 

53 

1.5 

7.0 

16.3 

39.6 

46.8 

68.0 

93.0 

122.0 

154.9 
i55.5 

191.8 

939.^ 

977.2 

54 

1.6 

7-t 

16.5 

29.9 

47.1 

68.3 

93.5 

122.5 

193.4 

933.  s 

378.0 

55 

1.6 

7.2 

16.7 

3o.i 

47.5 

68.7 

93.9 

123. 1 

i56.i 

193. 1 

934.0 

978.8 

56 

1-7 

7.3 

16.9 

3o.4 

47.8 

69.1 

94.4 

123.6 

i56.7 

193.7 

234.7 

979.5 

u 

X.8 

7.5 

17.1 

3o.6 

48.1 

69.5 

94.8 

124.1 

157.3 

194.4 

935.4 

980.3 

1.8 

7.6 

17.3 

30.9 

48.4 

69.9 
70.3 

95.3 

124.6 

157.8 

195.0 

936.1 

981.  X 

59  1 1.9 

7.7I17.5 

3l.2 

48.8 

95.7 

I25.I 

i58.4 

195.7 

it36.8. 

981.9 
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Sac 

Iflm. 

13  m. 

Mm. 

Mah 

16  m. 

17  m. 

18  m. 

Mm. 

20  m. 

21m. 

o 

382.7 

331.7 

384.7 

441.6 

5o3.5 

567.8 

** 
635.9 

708.4 

784.9 

865.3 

I 

283.5 

333.6 

385.6 

443.6 

5o3.5 

568.3 

637.0 

709.4 

786.3 

866.6 

a 

284.3 

333.4 

386.6 

443.6 

5o4.6 

569.4 

638.3 

710.9 

787.5 

868.0 

3 

285. 0 

334.3 

387.5 

444.6 

5o5.6 

570.5 

639.4 

713.1 

788.8 

869.4 

4 

285.8 

335.3 

388.4 

445.6 

506.7 

571.6 

640.6 

713.4 

790.1 

870.8 

5 

ad6.6 

336. 0 

389.3 

446.5 

507.7 

573.8 

641.7 

714.6 

791.4 

873.1 

6 

a87.4 

336.9 

390.3 

447.5 

5o8.8 

573.9 

643.9 

716.9 

792.7 

873.6 

7 

288.2 

337.7 

391.3 

448.5 

509.8 

575.0 

644.1 

717.1 

794.0 

874.9 

8 

289.0 

338.6 

393.1 

449.5 

510.9 

576.1 

645.3 

718.4 

795.4 

876.3 

9 

289.8 

339.4 

393.0 

45o.5 

511.9 

577.3 

646.5 

719.6 

796.7 

877.6 

lO 

290.6 

340.3 

393.9 

451.5 

5i3.o 

578.4 

647-7 

730.9 

798.0 

tt79.o 

II 

291.4 

341.3 

394.9 

458.5 

5i4.o 

579.5 

648.9 

733.1 

799-3 

880.4 

12 

392.2 

34s. 0 

395.8 

453.5 

5i5.i 

580.6 

65o.o 

723.4 

800.7 

8^1.8 

i3 

293  •  0 

343.9 

396.7 

454.5 

5i6.i 

681.7 

65i.a 

724.6 

802.0 

883.3 

i4 

293.8 

343.7 

397.6 

455.5 

517.3 

583.9 

658.4 

726.9 

8o3.3 

884.6 

i5 

294.6 

344.6 

398.6 

456.5 

5i8.3 

584. 0 

653.6 

727.3 

804.6 

886.0 

i6 

295.4 

345.5 

399.5 

457.5 

519.3 

585.1 

654.8 

738.4 

806.0 

887.4 

I? 

396.3 

346.4 

400.5 

458.5 

5ao.4 

586. 3 

656. 0 

739.7 

807.3 

888.8 

i8 

397.0 

347.2 

401.4 

459.5 

531.5 

587.4 

657.3 

730.9 

808.6 

890.8 

«9 

297.8 

348.1 

4o3.3 

460.5 

533.5 

588.5 

658.4 

733.3 

809.9 

891.6 

ao 

298.6 

349.0 

4o3.3 

461.5 

533.6 

589.6 

669.6 

733.5 

bii.3 

b93.o 

ai 

299.4 

349.8 

4o4.3 

463.5 

534.6 

590.8 

660.8 

734.7 

812.6 

894.4 

aa 

3oo.2 

35o.7 

4o5.i 

463.5 

525.7 

591.9 

663. 0 

736.0 

813.9 

896.8 

aS 

3oi.o 

351.6 

406.1 

464.5 

526.8 

593.0 

663.8 

737.3 

8i5.3 

897.8 

a4 

30I.8 

35a.  5 

407.0 

465.5 

527.9 

594.3 

664.4 

738.5 

816.6 

898.6 

a5 

3oa.6 

353.3 

4o8.o 

466.5 

528.9 

595.3 

665.6 

739.8 

817.9 

900.0 

a6 

3o3.5 

354.  a 

408.9 

467.5 

530.0 

596.5 

666.8 

741.1 

819.3 

901.4 

ay 

3o4.3 

355.1 

409.9 

468.5 

53I.I 

597.6 

668.0 

743.3 

830.5 

903.8 

a8 

3o5.i 

356. 0 

410.8 

469.5 

538.3 

598.7 

669.2 

743.6 

821.9 

904.3 

29 

3o5.9 

356.  Q 

411.7 

470.5 

533.3 

599.9 

670.4 

744.9 

1823.2 

(;o5.6 

3o 

306.7 

357.7 

413.7   471. i>l 

534.3 

601.0 

671.6 

746.2 

b24.6    907.0 1 

3i 

307.5 

358.6 

4i3.6 

472.6 

535.4 

603.3 

672.8 

747.4 

826.9 

908.4 

3a 

3o8.4 

359.5 

4i4.6 

473.6 

536.5 

6o3.3 

674.1 

748.7 

827.3 

909.8 

33 

309.3 

3fik>.4 

4i5.5 

474.6 

537.6 

604.5 

675.3 

760.0 

628.6 

9U.2 

34 

3io.o 

361.3 

416.5 

475.6 

538.7 

6o5.6 

676.5 

761.3 

829.9 

913.6 

35 

3I0.8 

363.  a 

417-4 

476.6 

539.7 

606.8 

677.7 

763.6 

631.2 

914.0 

36 

3II.6 

363.1 

418.4 

477.6 

540.S 

607.9 

678.9 

753.8 

833.6 

916.6 

37 

313.5 

364. 0 

419.4 

478.7 

541.9 

609.1 

680.1 

765.1 

833.9 

916.9 

38 

3i3.3 

364.8 

4ao.3 

479-7 

543.0 

610.3 

681.3 

766.4 

835.3 

918.3 

39 

3i4.i 

365.7 

4ai.3 

480.7 

544.1 

611.4 

682.6 

767.7 

836.6 

019.7 

4o 

3i5.o 

366.6 

423.3 

481.7 

545.3 

613.5 

683.8 

769.0 

838.0 

921. 1 

4i 

3i5.8 

367.5 

4a3.8 

483.8 

546.3 

613.7 

685. 0 

760.8 

839.3 

922.6 

42 

3i6.& 

368.4 

4a4.3 

483.8 

547.4 

614.8 

686.2 

761.5 

840.7 

923.9 

43 

317.4 

369.3 

4a5.i 

484.8 

548.4 

6i6.o 

687.4 

763.8 

842. 0 

926.3 

44 

3i8.3 

370.3 

4a6.i 

485.8 

549.5 

617. a 

688.7 

764.1 

843.4 

926.8 

45 

319. r 

371^1 

437.0 

486.9 

550.6 

618.3 

689.9 

766.4 

844.7 

928.2 

46 

!"9-9 

33o.a 

373.0 

4a8.o 

487.9 

551.7 

619.5 

691.1 

766.7 

846.1 

939.6 

47 

373.9 

439.0 

488.9 

553.8 

6ao.6 

692.4 

768.0 

847.5 

931.0 

48 

331.6 

373.8 

439.9 

490.0 

553.9 

681.8 

693.6 

769.3 

848.9 

932.4 

49 

322.4 

374.7 

43o.Q 

49«.o 

555.0 

633.0 

694.8 

770.6 

860.2 

Q33.8 

5o 

323.3 

375.6 

431.9 

493.0 

5^6.1 

624.1 

696.0 

771.9 

bf)i.6 

935.2 

5i 

324.1 

376.5 

433.8 

493.1 

557.3 

635.3 

697.3 

773.1 

862.9 

936.6 

5a 

325. 0 

377.4 

433.8 

494.1 

558.3 

636.5 

698.5 

774.6 

864.3 

938.1 

53 

325.8 

378.3 

434.8 

495.3 

559.4 

637.6 

699.7 

776.8 

856.7 

939.5 

54 

3a6.7 

379.3 

435.8 

496. a 

560.5 

638.8 

701.0 

777.1 

867.1 

940.0 
942.3 

55 

327.5 

38o.a 

436,7 

497-2 

561.6 

63o.o 

703.3 

778.4 

858.4 

56 

328.4 

38t.i 

437.7 

49B.3 

563.7 

6311 

703.5 

779-7 

869.8 

943.8 

57 

339.3 

38a. 0 

438.7 

499-3 

563.9 

633.3 

704.7 

781.0 

861. 1 

945.2 

58 

33o.o 

388.9 

383.8 

439.7 

5b^.3 

565. 0 

633.5 

705.9 

783.3 

868.5 

946.6 

5q 

330.9 

440.6 

501.4 

566.1 

634.7 

707.1 

783.6 

863.9 

948.T 

Aa 
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Sac 

22iiL|23m.|Mm. 

26  m. 

a6m. 

27  m. 

asm. 

29  m. 

30  m. 

31  B. 

o 

949 -fi 

X037.8 

XX29.9 

X225.9 

X325.9 

1429.7 

1537.5 

1649.0 

1764.6 

1884.0 

I 

951.0 

1039.3 

ix3i.4 

1227. £ 

1337.6 

I43I.4 

1539.3 

1660.9 

1766.6 

1886.0 

2 

952.4 

xo4o.8 

1x33.0 

1229. 2 

1339.3 

1433.2 

i54i.i 

1662.8 

1768.5 

1888.0 

3 

953.8 

X042.3 

XX34.6 

I230.8 

x33i.o 

1434.9 

1542.9 

1664.7 

1770.5 

1890.0 

4 

955.3 

X043.8 

1x36.3 

1232.5 

X332.7 

1436.7 

1544.8 

1666.6 

1772.4 

1893. I 

5 

956.7 

1045.3 

X137.8 

X234.X 

X334.4 

1438.5 

1546.6 

X668.5 

1774.4 

1894.1 

6 

958.2 

xo46.8 

XX39.3 

X235.7 

X336.X 

1440.3 

1548.4 

X660.4 

X776.3 

1806. I 

7 

959.6 

X048.3 

1x40.9 

1237.3 

1337.8 

1442.1 

i55o.2 

1662.3 

1778.31x898.1 

8 

961. 1 

1049.8 

1x42.5 

1239.0 

1339.5 

1443.9 

i552.i 

X664.3 

1780.3:1900.2 

9 

962.51105 1. 3 

xx44.o 

1240.6 

i34x.2 

1445.6 

1553.9 

1666. I 

1782.3  1903.2 

lO 

963.9,io52.« 

XX45.0 

X242.3 

1343.9 

1447.4 

1555.8 

1668.0 

1784.2  1904.3 

II 

965.41054.3 

xi47.a 

X243.9 

1344.6 

1449.2 

1557.6 

X669.9 

1786.211906.3 

IS 

966.9  1055.9 

1x48.8 

X245.6 

X346.3 

x45i.o 

1559.5 

1671. 9 
1673.8 

1788.2 
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•4427 

.4580 

.4761 

.4973 

.53x7 

.5495 

.58x1 

.6169 

a6 

.4x33 

.4307 

.4306 

.4432 

.4585 

.4768 

.4980 

.5335 

.55o5 

.5833 

.618a 

38 

.4x35 

.4309 

.43x0 

.4437 

.459X 

.4774 

.4988 

.5334 

.55x5 

.5834 

.61941 

3o 

9.4x37 

9.4313 

9.43x4 

9,4441 

9.4597 

9.476X 

9.4996 

9.5343 

9.5525 

9.5845 

9.6207 

3a 

.4x39 

.43x5 

.43x7 

.4446 

.4603 

.4788 

.5oo3 

.5353 

.5535 

.5856 

.6220; 

34 

.4x41 

.43x8 

.4331 

.445x 

.4608 

.4794 

.5oii 

.536x 

.5545 

.5868 

.6233 

36 

.4x44 

.4231 

.4335 

.4456 

.46i4 

.480X 

.5019 

.5369 

.5555 

.5879 

.6246 

38 

.4x46 

.4334 

.4339 

.4460 

.4630 

.4808 

•  5o27 

.5378 

.5565 

.5891 

.62S9 

4o 

9.4x48 

9.4337 

9.4333 

9.4465 

9.4635 

9.4815 

9.5o35 

9.5387 

9.5576 

9.5903 

9.627a 

42 

.4x5o 

.4331 

.4337 

.4470 

.4631 

.4831 

.5o42 

.5396 

.5586 

.5914 

.6286 

44 

.4x52 

.4334 

.434x 

.4475 

.4637 

.4838 

.5o5o 

.5305 

.5596 

.5926 

.6298 

46 

.4x55 

.4337 

.4345 

.4480 

.4643 

.4835 

.5o58 

.53r5 

.56o6 

.5937 

.63x1 

48 

.4x57 

.4340 

.4349 

.4485 

.4649 
9.4655 

.4843 

.5o66 

.5324 

.5617 

.5949 

.6325, 

5o 

9.4159 

9.4343 

9.4353 

9.4490 

9-4849 

9.5074 

9.5333 

9.5627 

9.5961 

9.6338 

53 

.4163 

.4346 

.4357 

.4494 

.4661 

•4856 

.5083 

.5343 

.5638 

.5973 

.6351 

54 

.4x64 

.435o 

.4361 

.45oo 

.4667 

.4863 

.5091 

.535x 

.5648 

.5986 

.6365 

56 

.4x67 

.4353 

.4366 

.45o5 

.4673 

.4870 

•  50Q0 

.536x 

.5659 

.5997 

.6378 

58 

.4x69 

.4356 

.4370 

.45io 

.4679 

.4877 

.5i07 

.5370 

.56r9  .6009 

.63911 

Lo^^rithm  of  A.                         | 

Via, 

13  IL 

141l  '  15b.  1  1$Il|  17 h. 

18  lu 

19  h. 

20  iL 

21  iL 

22lL  23lL 

0 

9 . ^4ob 

y.6b4i|9-733:i, 9-7^9!)  9*8539 

9.9387 

0.0173 

0.1349 

0.2623 

0.45330.7689 

<i 

.6419 

.6856 

.7351 

.7915 

,8563 

•  93x4 

.0304 

•  Z390 

.2676 

.4601 

.7843 

4 

-6433 

,6873 

.73G9 

.7935 

.8535 

.9341 

.0337 

.i33o 

.3739 

.4680 

.8000 

6 

MA7 

.6887 

.7386 

.7955 

.8608 

.9368 

.0370 

.i37x 

.3783 

.4761 

.8x63 

a 

.6461 

.6903 

.7404 

*7975 

.8633 

.9396 

.o3o3 

•  x4i3 

.a838 

.4843 

.8333 

lO 

9 ■ 6474 

9.6919 

9 . 743a 

9,7996 

9.8655 

9.9424 

0.0336 

O.X454 

0.3893 

0.4936 

o.85od 

I  a 

,64^8 

.6934 

»744o 

.8oi(i 

.6679 

.9451 

.0370 

.X496 

•  3949 

.5oxo 

.8691 

i4 

.65o3 

,695^ 

•  745s 

-8037 

.8703 

•9479 

.o4o3 

.x538 

.3oo5 

.5097 

.8882 

i6 

.65i6 

,6966 

^7476 

*So5ti 

.8727 

.9508 

.0437 

.x58i 

.3o63 

.5i84 

.9080 

iB 

,653o 

.6983 

■7494 

.8078 

.8751 

.9536 

.0473 

.1623 

.3X30 

.5374 

.9288 

ao 

9.6545 

9.699a  9.751a 

9 •8099 

9.8775 

9.9564 

o.o5o6 

0.1667 

0.3179 
.3338 

0.5365 

0 • 9506 

aa 

.6559 

.7014  .7531 

.8120 

.8799 

.9593 

.o54i 

.X71X 

.5458 

.9734 

24 

.6573 

.7030  .7549 

.Si4x 

•  8834 

.9633 

.0576 

.1755 

.3398 

.5553 

.9975 

26 

.5558 

.7047  ,7568 

.S163 

,8848 

.9651 

.0611 

.X799 

.3359 

•  5649 

X.0338 

2^^ 

■  660a 

.7063  ,7586 

.8184 

.8873 

.9680 

.0646 

.x844 

.3430 

.5748 

.0407 
X.0783 

3cr 

y.66i6 

9  *  7079  9 .  j6ob\ 

9.8ao5 

9,8898 

9.9709 

0.0683 

0.X880 
.1935 

0.3483 

0.5848 

33 

,663t 

.7096  .7624 

*8237 

.8933 

.9739 

.0718 

.3545 

.5951 

.1089 
.i4x6 

34 

.6645 

*7Ua 

*7643 

.8248 

.S948 

.9769 

.0754 

.X98X 

.3609 

.6o56 

36 

.6660 

.7x39 

•  7661 

,8270 

.8973 

.9798 

.0790 

.2028 

.3674 

.6164 

.1770 

38  1 

.6675 

.714G 

,76^0 

,6292 

.8999 

.9839 

.0827 

.2075 

.3739 
o.38o5 

.6373 

.2x54 

4o 

9.6690 

9 .  7 1 63  9 .  7699 

9,85i4 

9".  9034 

9.9859 

0.0864 

0.2123 

0.6386 

X. 25731 

4a 

.6704 

■7'79  -771^ 

.6336 

.905© 

.9889 

.0901 

.3170 

.3873 

.65oi 

.8037' 

44 

.6719 

.719G 

.7738 

.8358 

.9075 

.9930 

.0939 

.33X8 

.3941 

.6619 

.3554 

46 

.a734 

,7313 

'77^7 

,838o 

.910X 

.9951 

.0976 

.3367 

.40x0 

.6740 

.4ii'^' 

49 

.6749 

.7230 

■7776 

.8403 

.9137 

.9982 

.xoi5 

.33i6 

.4080 

.6865 

.ASiif 

5o 

9.6764 

9,7247  9*779^ 

9,8425 

9.9154 

o.oox3 

o.io53 

0.3366 

o.4i5i 

0.6993 

i.56i3. 

53 

.6779 

.7264  •7S15 

.8447 

,9180 

.0044 

.1092 

.34x6 

.4323 

.7124 

.6588' 

U 

.6795 

.7381  .7835 

.8470 

.9206 

.0076 

.xi3i 

.3467 

.4297 

.7359 
.7398 

.78441 
.9610 

56 

.63io 

.7399  •7855 

,8493 

.9333 

.0108 

.X170 

.35x8 

.4371 

56 

.GSs*^ 

.7I16.  ,7^75 

.85i6 

.9360 

•  oi4o 

.1209 

.3570 

•4446 

.754x 

3.2627 
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Logaritlnn  of  B.                        1 B  neg. 

Min. 

1  aJL 

3h. 

4lL  1  5lL 

Sh. 

7JL 

8h. 

9lL 

10  h. 

iih.|  lah. 

o 

"'4l 

9.3828 

9.3635 

9.3369 

9.30x0 

9.2530 

9.1874 

9.0943 

8.9609 

8.6837 

Inf. 

2 

.3822 

.3627 

.3358 

.2996 

.25X1 

.x848 

.0906 

.9447 

.6701 

7.2431 

4 

.3952 

.3817 

.3620 

.3348 

.2982 

.2492 

.1822 

.0867 

•  9384 

.6660 

.5453 

6 

.3948 

.3811 

.36x2 

.3337 

.2968 

.11473 

.X796 

.0828 

.9320 

.64x4 

.7226 

8 

.3944 

.38o6 

.36o4 

.3327 

.2954 

.2454 

..X769 

.0789 

.9254 

.6262 

.8488 

lO 

9.3941 

9.3800 

':!K 

9.3316 

9.2940 

9.2434 

9.1742 

9.0749 

8.9x87 

8.6xo3 

7.9469 

12 

.3937 

•  3704 
.3780 
.3783 

.33o5 

.292S 

.24x5 

.17x6 

.0708 

:9xx8 

.5937 

8.0273 

i4 

.3933 

.358o 

.3294 

.2911 

•  2896 
.288X 

.2395 

.1687 

.0667 

.0048 

.6764 

.0966 
.1547 

i6 

.3929 
.3925 

.3572 

.3283 

.2375 

.1669 

.0625 

.5683 

i8 

.3777 

.3564 

.3272 

.2355 

.i63o 

.o583 

.890a 

.5392 

.2071 

20 

9.3921 

9.3771 

9.3555 

9.3261 

9.2866 

9.2334 

9.1602 

9 . o54o 

8.8829 

8.6x92 
.4981 

8.2541 

22 

.3917 

.3765 

.3547 

.3a49 

.285o 

.23x3 

.1573 

.0496 
.0452 

.8762 

.2967 
.3367 

24 

.3913 

.3769 

.3538 

.3238 

.2835 

.2292 

.1543 

.8674 

.4758 

26 

:lp 

.3762 

.353o 

.3226 

.28x9 

.227X 

.i5i3 

.o4o6 

.8694 

.4621 

.37x7 

28 

.3746 

.3521 

.32x4 

.2804 

.2260 

.1483 

.o36o 

.85x2 

.4270 

.4o5x 

3o 

9.3900 
.3896 

9 .  3740 

9.35x2 

9.3203 

9.2788 

9.2228 

9.1453 

9.o3x4 

8.8437 

8.4001 

8.4363 

32 

.3733 

.35o3 

.3191 

.2772 

.2206 

.X422 

.0266 

.834x 

.3713 

.4657 

34 

.3892 

.3727 

.3494 
.3485 

.3178 

.2766 

.2x84 

.1390 
.1359 

.02x8 

.8253 

.34o3 

.4932 

36 

.3887 

.3720 

.3166 

.2739 

•  2x62 

.0x69 

.8x62 

.3067 

.6x92 

38 

.3882 

.3713 

.3476 

.31 54 

.3723 

.2x4o 

.1327 

.0XX9 

.8068 

.2701 

.5440 

4o 

9.3878 

9.3707 

9.3467 

9.3i4a 

9,2706 

9.2XX7 

9.1294 
.1261 

9.0069 

8.7072 

.7873 

8.2299 
.x853 

8.6676 

42 

.3873 

.3700 

.3457 

.3x29 

.2689 

.2094 

.00x7 

.6899 

44 

.3868 

.3693 

.3448 

.3ii6 

.2672 

.2070 

•  1228 

8.9965 

.7773 

.1354 

.6xx4 

46 

.3863 

.3686 

.3438 

.3io3 

.2655 

.2047 

.1x94 

•99" 

.7668 

.0786 

.6320 

48 

.3859 

.3679 

.3429 

.3091 

.2638 

.2023 

.1159 
9.XI25 

.9857 

.7660 

.0x28 

.6617 

5o 

9.3854 

9.3672 

9.34x9 

9.3078 

9.2620 

9.X999 

8.9802 

«:;^1 

7.9348 

8.6707 

52 

.3849 

.3665 

.3409 

.3o64 

.2602 

.X974 

.1089 

.9745 

•  8391 
.7154 

.6890 

54 

.3843 

.3657 

.3399 

.3o5i 

.2584 

.1960 

.xo54 

.9688 

.72x7 

.7067 

56 

.3838 

.365o 

.3389 

.3o38 

.2566 

.X925 

.1017 

.9630 

.7094 

.6406 

.7237 

55  ■ 

.3833 

.3643 

.3379 

.3o24 

.2548 

.1900 

.0981 

.9570 

.6968 

.2407 

.7402 

Logarithm 

bfBnegatiTe.                      | 

la^ 

i3h. 

i4lL 

iSh. 

i6lL 

i7lL 

iSlL 

i9h. 

20  h. 

aib. 

22  h. 

23  h. 

o 

8.7663 

9.0971 

9.3162 

9.4884 

9.6383 

9.7782 

9.9x67 

0.0625 

0.2279 

0.4372 

0.7662 

2 

.7718 
.7868 

.1067 

.3225 

.4937 

.643x 

.7827 

.92x3 

.0676 

.2339 

.4466 

.7807 

4 

•  ii4i 

.3287 

.4990 

.6478 

;7873 

•  9260 

.0727 

.24ox 

.4540 

.7967 

6 

.8oi5 

.1224 

.335o 

.5o42 

.6526 

.7965 

.9307 

.0779 

.2462 

.4626 

.8i33 

8 

.8k58 

.i3o6 

.341X 

.5094 

.6573 

.9355 

.o83o 

.2624 

.4711 

.83o5 

10 

8.8296 

9.1387 

9.347a 

9.5x46 

9.662X 

9.80x1 

9 . 9402 

0.0882 

0.2687 

0.4799 

0.8483 

12 

.8432 

.1468 

.3533 

.5x97 

.6668 

.8067 

.9449 

.0935 

.2660 

.4889 

.8667 

i4 

.8564 

.1547 

.3593 
.3653 

.5248 

.67x5 

i8xo3 

•9497 

.0987 

.27x4 

.4980 

.8860 

i6 

.8692 

.1625 

.53oo 

.6762 

.8149 
.8x95 

.9544 

.xo4o 

.2778 

.6072 

.9060 

i8 

.8818 

.1703 

.3713 

.535x 

.6809 

.9592 

.X093 

.2843 

.5x65 

.9270 

20 

8.8941 

9.1779 

.1855 

9.3772 

9.5401 

9.6856 

9.8241 

9.9640 

0.1x46 

0.2909 

.2975 

0.6261 

0 . 9489 

22 

.9062 

.3831 

.5452 

.6903 

.8287 

.9687 

.X200 

.5358 

.97x9 

24 

.9180 

.1930 

.3889 

.55o2 

.6949 

.8333 

.9735 

.X253 

.3o4i 

.5457 

.996X 

26 

.9295 

.2004 

.3947 

.5553 

.6996 

.8379 

.9784 

.x3o8 

.3109 

.5657 

X.0216 

28 

.9408 

.2078 

.4oo5 

.56o3 

.7043 

.8425 

.9832 

.x362 

.3177 

.6660 

.0487 

3o 

8.9519 

9.2i5o 

9.4062 

9.5653 

9.7089 

9.8471 

9.9880 

0.1417 

0.3345 

0.6764 

1.0774 

32 

.9627 

.2222 

.4119 

.5702 

.7x36 

.85x7 

.9929 

.147a 

.33x5 

.6871 

.xo8x 

34 

.9734 

.2293 

.4175 

.5762 

.7x82 

.8563 

•9977 

.1627 

.3385 

.6979 

.1409 

36 

.9839 

.2364 

.4232 

.58oi 

.7228 

.8609 
.8655 

0.0026 

.x582 

.3456 

.6090 

.1764 

38 

.9942 

.2434 

.4288 

.585o 

.7275 

.0075 

.1638 

.3527 

.6204 

.2x49 

40 

9.0043 

9.25o3 

9.4343 

9.5900 

9.732X 

9 .  8701 

0.0x24 

0.X695 

0.3599 

0.63x9 

1.2669 
.3o33 

42 

.0142 

.2571 

.4399 

.5948 

.7367 

.8748 

.0173 

.X751 

.3673 

.6438 

44 

.0240 

.2639 

.4454 

.5997 

.7413 

.8794 

.0233 

.x8o8 

.3747 

.6669 

.3552 

46 

.o336 

.2706 

.4509 

.6o46 

:;S 

.884o 

.0272 

.x866 

.3822 

.6684 

.4x38 

48 

.o43i 

.2773 

,4563 

.6094 

.8887 

.o322 

.1924 

.3897 

.681X 

.48x4 

5o 

9.0624 

9.2839 

9.4617 

o.6x43 

9.7552 

9.8933 

0.0372 

0.1983 

0.3974 

0.6942 

x.56i2 

52 

.0616 

.2905 

.4671 

.6191 

.7598 

.8980 

.0422 

•  2o4o 

.4062 

.7076 

.6687 

54 

.0707 

.2970 

.4725 

.6239 

.7644 

.9026 

.0473 

.2099 
.2x59 

.4x3o 

.7214 

.7843 

56 

.0796 

.0884 

.3o34 

.4778 

.6287 

.7690 

.9073 

.0523 

.42x0 

.7355 

.96x0 

58 

.  .3098 

.4831 

.6335 

.7736 

.9120 

.0674 

.3219 

.4291 

.750X 

2.2627 

^74  Table  XII. — ^Length  u^  a  Degree  of  Long,  and  Lat. 


j  Geograph.l    AhjiIa  of 
Latitude.      V«itieal. 


Dur. 


Logarithm 
Sarth'a  Radj 


Dur. 


DM.oTMeridtaD. 
Engliah  Feet. 


Dur. 


Dec.  or  Parallel. 
Eiigliah  Feet. 


Diir. 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

lO 

20 
3o 
4o 
5o 
3i  o 
10 
20 
3o 
4o 
5o 

32  o 

10 
20 
3o 
4o 
5o 

33  o 
10 
20 
3o 
4o 
5o 

34  o 
10 
20 
3o 
4o 
5o 

35  o 


4 
5 
6 

7 
8 

9 
10 
II 
12 
i3 
i4 
i5 
16 

17 
18 

^9 
20 
21 
22 

23 

a4 

25 

26 

27 

2d 

3o 


o 
a4 
48 
II 
35 

u 

46 
9 

32 

55 

17 

4o 

I 

23 

44 
4 
6  25, 

6  44 

7  4 

7  22, 

7  4o. 

7  58, 

8  i5. 
8  32, 
8  47 

.9  .3 


17 
3i, 

44 

57 
59, 
I. 
3, 
5, 
6 
8, 
10, 

12, 

i4. 
16 
18, 
10  19, 
21, 

23, 
25 

26, 

2d, 

10  3o, 
3i, 
33, 
34 
36 
38 

10  39, 
4i. 
42, 
44 
45 
46 
48 


00 

02 
.02 
.95 
.80 

.54 

,12 

54 
76 
74 

47 
92 
06 
85 
28 
33 
95 
i4 
86 
09 
80 

99 
61 
66 
10 

93 

12 
65 
5o 
66 
12 
12 
II 
07 
02 

73 
59 

44 
26 
06 
84 
60 
34 
o5 
75 
43 
08 
71 

32 

9» 

48 
o3 
55 
06 
54 
00 
44 
,86 

.25 


24.02 
24.00 
23.93 
23.85 
33.74 
23.58 
23.42 

23.22 

22.98 
22.73 
22.45 
22.14 
21.71 

21.4; 

21. o5 

20.62 
20.19 

.72 

.23 

•71 

.62 
.o5 

.44 

.83 
.19 
.53 
.85 
.16 
.46 
.00 

•99 
.96 
.95 
.92 

:tl 

.86 
.85 
•  82 
.80 
.78 
.76 
.74 
•71 
.70 
.68 
.65 
.63 
.61 
.59 
.57 
.55 

.52 

.5i 

.48 
.46 
.44 
.42 
.39 


0.0000000 
9.9999906 
9982 
9961 
9o3o 
9891 
9.9999843 
9786 
9721 
9648 
9566 

9476 

9.9999377 
9271 
9157 
oo35 
8905 
8768 

9.9998624 
847a 
83i4 
8149 
7977 
7799 

9.9997614 
7424 
7228 
7027 
6820 
6608 

9.9996392 
6355 
63i9 
6282 
6245 
6208 

9.9996171 
61 34 
6096 
6059 
6021 
5984 

9.9995946 
6908 
5870 
5832 
5794 
5755 

9.9995717 
5678 
564o 
56oi 
5562 
5523 

9.9995484 
5445 
5406 
5367 
5327 
5288 

9.9995248 


4 
i4 
21 
3i 

ii 

73 
82 
90 

106 
ii4 
122 
i3o 
137 
144 

1 52 

1 58 
1 65 
172 
178 
1 85 
190 
196 
201 
207 
212 
216 

37 
36 

37 
37 
37 
37 
37 
38 

37 
38 

37 

38 
38 
38 
38 
38 

39 
38 

39 
38 

39 

39 

39 

39 
39 

39 
4o 
4o 


362748.33 
749.43 
752.76 
758.28 
766.00 
775. 91 

362788.01 
802.27 
818.68 
837.22 
867.86 
880.59 

362906.37 
932.18 
960.98 
991.74 

363024. 4a 
068.99 

363oq5.4o 
i33.6i 
173.67 
216.23 
258.66 
3o3.49 

363349.96 
397.93 
447.34 
4o8.i3 
660.24 
6o3.6o 

363668.14 
667.34 
676.68 
685.84 
695.14 
704.46 

363713. 81 
723.20 
732.61 
742.06 
761.62 
761.02 

363770.64 
780.10 
789.68 
799.29 
608.92 
818.68 

363828.27 
837.98 
847.72 
867.48 
867.26 
877.07 

363886.91 
896.77 
906.66 
916.66 
926.48 
936.43 

363946.40 


1. 10 

3.32 

5.63 

7.72 

9.91 

12.10 

14.  a6 

.^6.4i 

18.64 

20.64 

22.73 

24.78 

26.81 

28.80 

30.76 

32.68 

34.67 

36.41 

38.21 

39.96 

41.66 

43.33 

44.93 

46.47 

47.97 

49.41 

60.79 

62.11 

53.36 

54.64 

9.20 

9.24 

9.26 

9.30 

9.32 

9.35 

9.39 

9.41 

9.44 

9-47 
9.60 
9.62 
9.66 
9.68 
9.61 
9.63 


366186.71 
6z3o.47 
4964.74 
4688.67 
43o2 .  06 
3806.29 

363198.43 
2481.64 

1666. I 3 
0719.13 

369673.92 
.  8619.79 

367267.07 
6886.13 
4407.36 
2821.19 
1128.07 

349328.60 

347422.98 
6412.07 
3296.36 
1076.46 

338762.98 
6326.62 

333798.08 
1168.10 

328437.44 
6606.89 
2677.27 

319649.44 

316624.29 
6994 .  o3 
646i .10 
4926 . 60 
4387.23 
3846.31 

3 I 3302.72 
2766.48 
2207 . 60 
1666.08 
1101.91 
0646 . I I 

309986.68 
9423.63 
8868.96 
8291.66 
7721 .76 
7149.26 

306674.14 
6996.43 
64i6.i3 
4833.24 
4247.77 
3669.72 

303069.10 
2476.91 
1880.16 
1281.84 
0680 . 97 
0077 . 


299471 .60 


55.2/ 

ics.7:> 
376. 1 7 

386.52 

496.76 

606. 66 

716.79 

826.61 

986.00 

1045.21 

ii54.i3 

1262.72 

1370.94 

1478.77 

1686.17 

1693.12 

799.67 

1905.62 

2010.91 

21x5.71 

2219.91 

2323.47 

2426.36 

2628.54 

2629.98 

2730.66 

2830.55 

2929.62 

3027.83 

3i25.i5 

630.26 

532.93 

535.60 

638.27 

540.92 

543.69 

546.24 

548.88 

661.62 

554.17 

556. 80 

669.43 

662 . 06 

564.68 

667.29 

669.90 

672.61 

676.11 

677.71 

58o.3o 

682.69 

585.47 

588. o5 

690 . 62 

693. ic 

696.7^ 

698.32 

600.87 

6o3.4s 

6o5 . q5 
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Aiifitoor 
VertleaL 


Locurlthin 
Bartb'sRadJ 


Oeocrapta. 
LaUtade. 


35  o 

10 

ao 
3o 
4o 
5o 

36  o 

lO 

so 
3o 
4o 
5o 

37  o 
10 
«o 
3o 
40 
5o 

38  o 
10 
ao 
3o 
4o 
5o 

39  o 
10 
ao 
3o 
40 
5o 

40  o 
10 
ao 
3o 
4o 
5o 

4x  o 
10 
ao 
3o 
4o 
5o 

4a  o 
10 
ao 
3o 
4o 
5o 

43  o 
10 
ao 
3o 
4o 
5o 

44  o 
10 
ao 
3o 
40 
5o 

45  o 


Dur. 


Dur. 


Dw-onierldlAii: 
BnglirtiFeet. 


Diff. 


Def-oTPanUd. 
Engliah  Feat, 


DUE 


II 


II 


10  48. aS 
49.63 
60.98 
5a. 3i 
53.6a 
54*90 

10  56. 16 
57.41 
58.63 
59.8a 

1. 00 
a.i5 
3.a8 
4.39 

5.47 

6.54 

7.58 

8.59 

9.59 

10.56 

II. 5i 

ia.44 

i3.34 

14. aa 

11  i5.o8 
15.9a 
16.73 
17.5a 
18. a9 
19.04 

II  19.76 
ao.46 
ai.i3 
ai.79 
aa.4a 
33.03 

II  33.61 
34.17 
34.70 
35.  aa 
35.71 
36. 18 

II  36.6a 
37.04 
37.44 
37.8a 
38.17 
38. 5o 

II  38.80 
39.08 
39.34 
39.58 
39.7 
39.9 

II  3o.i4 
30.39 
3o.4i 
3o.5o 
30.57 
30.63 
30.65 


.38 
.35 
.33 
.3i 

.38 
.36 

.35 

.33 

.1 

.15 

.13 

.11 

.08 

.07 

.04 

.01 

.00 

•'I 
.95 

.93 
Ts 

.00 
.86 
.84 
.81 

•79 
•77 
.75 
.73 
.70 
.67 
.66 
.63 
.60 
.59 
.56 
.53 

.53 

.49 
.47 
.44 
.4a 
.40 
.38 
.35 
.33 
.3o 
.38 
.36 
.34 

.31 

.19 

.16 
.i5 

.13 
.09 
.07 

.o5 
.o3 


9.9995348 
5308 
5169 
5i39 
6089 
5o49 

9.9996009 
4969 

4^88 
4848 
4807 

9.9994767 
4736 
4686 
4645 
46o4 
4563 

9.9994533 
448 1 
4440 
4399 
4358 
4317 

9.9994376 
4334 
4193 
4i53 
4iio 
4069 

9.9994087 
3985 
3944 
3903 
386o 
3819 

9.9993777 
3735 
3693 
365i 
3609 
3567 

9.9993535 
3483 
3441 
3399 
3357 
33i5 

9.9993373 
333o 
3i88 
3i46 
3io4 
3o63 

9.9993019 
3977 
3935 
3893 
385o 
3808 

9.9993766 


4o 
39 
4o 
4o 
4o 
4o 
4o 
4o 
4i 
4o 
4i 
4o 
4i 
4o 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
4i 
43 
4i 
4t 
43 
4i 
43 
43 
4i 
43 
43 
4i 
43 
43 
43 

43 
43 

43 
43 
43 

43 
43 

43 

43 

43 
43 
43 
43 
43 

43 

43 
43 
43 
43 
43 
43 
43 


363946.40 
966.39 
966.41 
976.44 
986.49 
996.67 

364006.67 
016.78 
036.91 
037.07 
047.34 
067.43 

364067.64 
077.86 
088.10 
098.36 
108.64 
118.93 

364129.34 
139.66 
149.90 
160.36 
170.63 
181.00 

364191 .40 

30I • 80 
313.33 
333.66 

333.11 
343.67 

364a54.o4 
364.63 
376.01 
386.61 
396.03 
3o6.65 

364317.08 
337.63 
338.17 
348.73 
359.30 
369.87 

364380.45 
391.04 
4oi.64 
4ia.34 
433.86 
433.46 

364444. 08 

454.70 
465.33 
476.96 
486.69 
497.33 

364607.87 
618.63 
639.16 
539.81 
560.46 
56i.i3 

364671 . 77 


9.99 
0.03 
o.o3 
0.06 
0.08 

O.IO 


0.19 

0.3I 
0.33 
0.34 
0.86 
0.38 
0.39 

o.3i 
0.3a 
0.34 
0.36 
0.37 
0.38 
o.4o 
0.40 
0.43 
0.44 
0.46 
0.46 

0.47 
0.48 
0.49 
o.5o 
0.63 
0.63 
0.63 
0.54 
0.56 
0.66 
0.67 
0.67 
0.68 
0.69 
0.60 
0.60 
0.61 
0.61 
0.63 
0.62 
0.63 
0.63 
0.63 
0.64 
0.64 
0.66 
0.64 
0.66 
0.66 
0.66 
0.66 


299471.60 
8863.09 
8362.06 
7638.49 
7022.40 
64o3.8o 

396782.67 
6169.04 
4532.90 
3904.27 
3273.14 
2639.63 

293003.43 
1364.84 
0733.79 
0080.38 

389434.30 
8785.86 

388134.97 
7481.63 
68a6.86 
6167.64 
5606.99 
4843.93 

384178.44 
3610.54 
3840.33 
3167.63 
1493.41 
0814.91 

380135. 01 

379463.76 
8768.10 
8081.09 
7391.71 
6699.07 

376006.89 
5309.46 
4610.68 
3909.66 
3306.1 3 
3600. 36 

371793.38 
1081.89 
0369.19 

369664.19 
8936.00 
8317.33 

367496.45 
6771.31 
6o44'90 
53i6.32 

•  4686.29 
3863.10 

363116.67 
3379.00 
1639.09 
0896.96 
0163.60 

369406.03 

368667.35 


608.61 

611. o3 

613.67 

616.09 

618.60 

681. i3 

623.63 

626.14 

638.63 

63i.i3 

633.63 

636. 10 

638.58 

64i.o5 

643.61 

645.98 

648.44 

660.89 

653.34 

666.78 

658.31 

660.66 

663. 06 

666.49 

667.90 

670.31 

673.71 

676.11 

677.60 

679.90 

683.86 

684.65 

687.01 

689.38 

691.74 

694.08 

696.43 

698.78 

701.^8 

703.43 

706.77 

708.08 

710.39 

713.70 

716.00 

717.81 

719.61 

731.87 

724.14 

736.41 

728.68 

730.93 

733.19 

735.43 

737.67 

739.91 

748 . 1 3 

744.36 

746.67 

748.78 
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Dw.ofMtindikn. 
Engliiih  Feec. 


Dcg.  of  Parana  I 
I    Engtwh  FeK. 


Geograph.     An|{le  of 
Latitude.     -     ■    - 


45  o 
10 
20 

3o 
4o 
5o 

46  o 

10 
20 

3o 

4o 

5o 

4?  o 

lO 
30 

3o 
4o 
5o 

48  o 

10 
20 

3o 
4o 
5o 

49  o 

lO 
20 

3o 
4o 
5o 
I  5o  o 
lo 
ao 
3o 
4o 
5o 
5i  o 

10 
20 

3o 
4o 
5o 

52  o 
lO 

ao 
3o 
4o 
So 

53  o 

lO 

ao 
3o 
4o 
5o 

54  o 

lO 

ao 
3o 
4o 
So 

55  o 


Vertical. 


II  30.65 
30.65 
3o.63 
3o.58 
3o.5i 
3o.43 

II  3o.3i 
3o.i7 
3o.oi 
29.82 
29.61 
29.38 

II  29.12 
28.85 
28.54 
28.22 
27.87 
27.50 

II  27.10 
26.69 
26.24 
25.78 
25.29 
24.78 

II  24.24 
23.69 

23.11 
22.  So 

21. 87 

ai.23 
II  20.55 
19.85 
19.13 

18.39 
17.63 
16.84 

16.02 
15.19 

14.33 

i3.45 

12.55 

11.62 

10.67 

9.70 

8.71 

7.69 

6.66 

5.60 

4. Si 

3.4o 

a.  27 

1. 12 

10  S9.94 
58.74 

10  57.52 
56. 28 
55. 02 
53.73 
52.4a 
51.09 

10  49«74 


II 


Diff. 


.02 

.o5 
.07 
.09 
.11 
.14 
.16 
.19 
.21 

.23 

.26 

.27 

.3i 

.32 

.35 

.37 

.40 
.41 
.45 

.46 

.49 
.5i 
.54 
.55 
.58 
.61 
.63 
.65 
.67 
.70 
.73 
.74 
.76 

•79 
.82 
.83 
.86 
.88 
.90 
.93 
.95 

•97 
.99 
1.02 
i.o3 
1.06 
1.09 
I. II 
i.x3 
i.iS 
.1.18 
1.20 
1.22 
1.24 
X  .26 
1.29 
i.3i 
1.33 
1.35 


Locartthmor 
Sarth'e  R 


I  Radio*. 


.9992766 
2723 
2681 
8639 
2S96 

2554 

.9992512 
2470 
2437 
2385 
a343 
23oo 

•9993258 
2216 
2174 
ai32 
2089 
ao47 

. 9993005 
1963 
193 1 
1879 
1837 
1795 

.9991753 
1711 
1669 
1637 
1 586 
i544 

.999150a 
i46o 
1419 
1377 
i335 

1304 

•9991353 

I3II 

1 1 70 

1 138 

1087 
io46 

.999100S 
0963 
093a 
0881 
o84o 
0800 

.9990759 
0718 
0677 
0637 
0S96 
0SS6 

•99905 I 5 
0475 
0435 
0395 
o35S 
o3iS 

.9990375 


Diff. 


43 
43 
43 
43 
4a 
4a 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 

48 
43 
43 
43 
43 
43 
43 

4a 
43 

48 

4a 
4i 
4a 
4a 
43 
4i 
43 
4a 
4i 
43 
4i 
4i 
4a 
4i 
4i 
4i 
4a 
4i 
4i 
4i 
4o 
4i 
4x 
4i 
4o 
4i 
4o 
4i 
4o 
4o 
4o 
4o 
4o 
4o 


364571 .77 
583.4a 
593.08 
603.73 
6i4.38 
6aS.o3 

364635.68 
646.33 
656. 98 
667 . 63 
678.86 
688.90 

364699.54 
710.17 
780.80 
73i .4a 
74a .03 
75a. 65 

364763.85 
773.85 
784.45 
795.04 
80S. 6a 
816.19 

364886.75 
837.31 
847.86 
658. 4o 
868.93 
879.45 

364889.96 
900.46 
910. 9S 
981.43 
931.90 
94a. 36 

364953.80 
963.33 
973.65 
984.06 
994.45 

365oo4.83 

365oi5.3o 
oaS.SS 
o35^88 
o46.8o 
o56.5i 
066.79 

36S077.06 
087.3a 
097 • 56 
107.78 
X17.98 
188. 17 

365x38.34 
148.49 
i58.6i 
168.7a 
178.81 
188.88 

365198.93 


Diff. 


DiC 


65 
66 
65 
65 
65 
65 
65 
0.6S 
0.64 
0.64 
0.64 
0.64 
0.63 
0.63 
0.6a 
0.6 
0.6a 
0.60 
0.60 
0.60 
0.59 
0.58 
0.57 
0.56 
0.S6 
O.S5 
0.54 
0.53 
o.Sa 
o.Si 
o.So 
o.4< 
0.4) 
0.47 
0.46 
0.44 
0.43 
0.43 
o.4i 
0.39 
0.38 
0.37 
0.3S 
0.33 

0.33 

o.3i 
o.a8 
0.37 
0.36 
o.a4 
o.a3 

0.30 

0.19 
0.17 
o.iS 

O.I3 

o.ii 
0.09 
0.07 
o.oS 


356667.25 
7906 . 26 
7153.08 
6397 . 7 I 
564o.iS 
4880.42 

854iid.5i 
3354.43 
aS88.ao 
18x9.82 
1049.29 
0376.62 

249501.81 
8734.88 
7945.83 
7164.66 
638i . 39 
5596 . o I 

244808 . 54 
4018.98 
3337.34 
8433.62 
1637.84 
0839 . 99 

24oo4o . 09 

239338.14 
8434.15 
7638.13 
68so . 07 
6009.99 

835197.90 
4383. 80 
3567.70 
3749 . 60 
I 929. 53 
1107.46 

83oa83.4a 

330457.43 
8639.45 
7799.54 
6967.67 
6133.87 

335398.13 

4460.47 

3630 . 90 

8779.41 

1936.01 

1090.7a 

830843 . 54 

819394.47 

8543.54 

7600.73 

6836. 06 

5979.53 

aiSiax .16 

4360.95 

3398.90 

&535.04 

1669.35 

3io8oi.85 

309933.55 


7fo.99 

753.1b 
755.3-; 

759. 7 J 

761 .91 

764.  c^ 

766.23 

768.3b 

770.53 

772.67 

774-81 

776.93 

779.05 

781.17 

783.3 

785. 3 

7S7.47 

789.56 

791.64 

793.72 

795.78 

797-85 

799.9c 

801.95 

803.99 

806.0 

808.  o5 

810.0^ 

812.09 

814.10 

816.10 

818.10 

820.08 

822.06 

8a4.o4 

826.00 

827.97 

829. 91 

831.87 

833.80 

825.74 

837.66 

839.57 

84] .49 

843.40 

845.29 

847.18 

849.07 

850.93 

852.81 

854.67 

856.53 

858.37 

860.21 

862.05 

863.86 

865.69 

867.5^ 

869.3d 


Angle  of  thb  Vertical  and  Loo.  op  Ear^th'ji  Eadius.  377 


Locarit 
earth's] 


Itliinor 


Dm.  oTMeridlra. 
Engitah  Feat. 


"beg.ofi^araUeL 
Eagtiah  Feet. 


Geograph 
LatitaiR. 


Angle  of 
Vertieal. 


Dur. 


Diir. 


Dlff. 


DUE 


55  o 

lO 

20 
3o 
4o 
5o 

56  o 
10 
so 
3o 
4o 
5o 

57  o 
10 
20 
3o 
4o 
5o 

58  o 
10 

90 

So 
4o 
5o 

59  o 
10 

20 

So 
4o 
5o 

60  o 


61 
62 

63 
64 
65 
66 
67 
68 
69 
70 

71 
72 

73 
74 
75 
76 

;i 

II 
81 
82 
83 
84 
85 
86 
87 
88 
89 
_9o_ 


10  49 
48 
46 
45 
44 
4a 

10  4i 

36 
35 
33 
10  Si 
So 
28 
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15.96 
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164.62 

166.22 

177.92 

3io 

153.72 

165.35 

176.99 

i54.3i 

165.99 

177.66 

166.10 

167.91 

179.72 

320 

154.99 

166.71 

178.43 

155.58 

167.34 

179. II 

167.38 

169.28 

181.19 

33o 

155.95 
156.62 

167.74 

179.53 
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199.39 
199.45 
199.14 
iq8.44 

390 
4oo 
4io 
420 

160.97 
159.81 

173.09 
171.84 

i85.2i 
183.87 

165.45 
164.26 
162.75 
160.94 

177.91 
176.6a 
175.00 

173.04 

190.37 
188.99 
187.24 
i85.i4 

171.53 
170.29 
168.73 
166.85 

184.45 
i83.ii 
181.43 
179.40 

197.37 
195.93 
194.12 
191.94 
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Moon*B 

inieDeeUnatkm,0«. 

Mooa*«  tne  Dwiinttion,  d^  N. 

Moon'o  trae  DeetittasioB,  10*  N. 

Hwizonul  PanUaz. 

Horisontal  PnnDu. 

Horixontal  PanOax. 

Hour 
Angle. 

53^ 

57' 

61' 

53' 

57' 

61' 

53' 

57' 

61^ 

O 

2160. I 

2325.2 

2490.5 

1945. 9 

2094.7 

2243.8 

17x6.3 

1847.7 

1979.3 

20 

2160.0 

2325.1 

2490.4 

1946.6 

2095.5 

2244.6 

17x7.8 

1849.3 

X981.1 

4o 

2159.8 

2324.7 

2490.0 

1^48.8 

2097.8 

2247.0 

X722.4 

1854.2 

1986.3 

60 

2159.3 
2x58.6 

2324.2 

2489.3 

1952.3 

2XOX.5 

225x.O 

1729.9 

1862.3 

1994.9 

80 

2323.4 

2488.4 

1957.2 

2106.8 

2256.6 

1740.4   1873.5 

2006.9 

100 

2157.8 

2322.4 

2487.3 

1963.5 

21x3.5 

2263.7 

1753.7 

1887.8 

2022 . 2 

120 

2156.8 

2321.3 

2486.0 

197X.0 

2121.5 

2272.2 

1788.' 3 

1905.0 

2o4o .  5 

i4o 

2x55.6 

23xo.9 

2484.4 

1979.7 

2i3o.8 

2282 . I 

1925.0 

2061.8 

160 

2x54.3 

23x8.3 

2482.6 

1989.6 

2x4x.4 

2293.3 

1809. 4 

1947.6 

2086.0 

180 

2X52.8 

23x6.6 

2480.7 

2000.6 

2x53.1 

23o5.7 

1832.8 

1972.6 

2II2.7 

200 

2x5l.2 

23x4.8 

2478.6 

2012.5 

2x65.8 

23x9.2 

1858.2 

1999.9 

2i4i.8 

220 

2x49.4 

23X2.8 

2476.3 

2025.3 

2x79.4 
2x93.9 

2333.7 

1885.4 

2029 . I 

2173.0 

240 

2x47.6 

23x0.7 

247^.8 

2038.9 

2349.1 

1914.4 

2060.1 

2206 • I 

260 

2145.7 

23o8.4 

2471.3 

2o53.x 

2209.1 

2365.2 
238X.9 

1944.7 

2092 . 6 

2240.8 

280 

2x43.7 

23o6.x 

2468.6 

2067.9 

2224.9 

1976.2 

2126.4 

2276.8 

3oo 

2i4x.7 

23o3.8 

2465.9 

2083.2 

224X.I 

2399.1 

2008.7 

2X6X.2 

23i3.9 

320 

2139.6 

230I.3 

2463.1 

2098.7 

2257.7 

24x6.7 

2o4i.8 

2196.7 

235i.7 

340 

2x37.5 

2298.9 

2460.3 

21x4.5 

2274.4 

2434.4 

2075.3 

2232.6 

2389.9 

36o 

2x35.3 

2296.4 

2457.5 

2i3o.3 

2291.3 

2452.: 

2x09.0 

2268.7 

2428.4 

38o 

2X42.6 

23o4.6 

2466.7 

Moon 

'8  Pa 

RALLi 

l3C    in 

Declination 

Moon's 

MeDecUoi 

*ton.a». 

Moon's  a 

neDecUnni 

lon,5»S. 

Moon's  troa  DeelinaUon,  10«  8. 

Hori 

lonUlPvi 

IIIAX. 

Horl 

lonulPan 

n-ix. 

Boriiontal  Parallax. 

Honr 
Angle. 

53' 

57' 

61' 

53' 

57' 

61' 

53' 

57' 

61' 

fit. 
0 

2160. I 

2325.2 

2490.5 

2357.3 

2537.3 

2717-4 

2536.1 

2729.4 

2923.0 

20 

2160.0 

2325.1 

2490.4 

2356.4 

2536.3 

27x6.4 

2534.4 

2727.6 

292X.O 

4o 

2159.8 

2324.7 

2490.0 

2353.8 

2533.4 

27x3.2 

2529.3 

2722.x 

29x5.x 

60 

2159.3 

2324.2 

2489.3 
2488.4 

2349.3 

2528.5 

2708.0 

2520.9 

27x2.9 

2905,3 

80 

2x58.6 

2323.4 

2343.1 

252X.7 

2700.7 

2509.x 

2700.2 

2891.6 

100 

2157.8 

2322.4 

2487.3 

2335.2 

25x3. X 

2691.4 

2494.2 

2684.x 

2874.3 

120 

2x56.8 

2321.8 

2486.0 

2325.6 

2502.8 

2680.2 

2476.3 
2455.5 

2664.7 

2853.4 

i4o 

2x55.6 

tn 

2484.4 

23x4.5 

2490.8 

2667.2 

2642 . 2 

2829.x 

160 

2x54.3 

2482.6 

23o2.X 

2477-a 

2652.5 

2431.9 
24o5.8 

26x6.7 

2801.7 

x8o 

2X52.8 

23x6.6 

2480.7 

2288.2 

2462 • X 

2636.2 

2588.5 

2771.3 

200 

2l5l.2 

23x4.8 

2478.6 

2273.1 

2445.8 

2618.5 

2377.4 

2557.7 

2738.2 

220 

2x49.4 

23X2.8 

2476.3 

2256.9 

2428.2 

2599.5 

2346.9 

2524.7 

2702.7 

24o 

2x47.6 

2310.7 

2473.8 

2239.7 

2409 . 5 

2579.4 

23x4.5 

2489.7 

2665. 0 

260 

2x45.7 

23o8.4 

2471.3 

222X.7 

2389.9 
2369.6 

2558.3 

2280.6 

2453.0 

2625.5 

280 

2143.7 

23o6.i 

2468.6 

2203.0 

2536.4 

2245.3 

2414.9 

2584.5 

3oo 

ai4i.7 

23o3.8 

2465.9 

2x83.7 

2348.7 

25x3.8 

2209.0 

2375.7 

2542. 4 

3to 

2x39.6 

23oi.3 

2463.x 

2x64.0 

2327.4 

2490.8 

2171.9 

2335.7 

2499.3 

340 

2137.5 

2298.9 

2460.3 

2x44.1 

a3o5.8 

2467.5 

36o 

2x35.3 

2296.4 

2457.5 
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1 

Moon's  iruti  Declination,  15<>  N. 

Moon's  tme  Declination,  SO^  N. 

Moon's  troe  DecUnation,  SS^  N. 

Horizontal  Parallax. 

Horixontal  ParalUuL 

Horizontal  Parallax. 

Hoar 
Angle. 

53' 

57' 

61' 

53' 

57' 

61' 

53' 

57' 

1     61' 

m. 
O 

1473.2 

X586.0 

1699.0 

12x8.3 

x3ii.7 

x4o5.2 

953.8 

X026.9 

1100.2 

20 

1475.5 

1588.5 

1701.7 

1221.4 

x3i5.o 

x4o8.8 

957.6 

xo3i.i 

XX04.7 

4o 

1482.4 

1595.9 

1709.7 

1230.7 

X325.0 

x4x9.5 

969.2 
988.3 

X043.5 

11x8.0 

6o 

1493.9 

1608.3 

1722.9 
1741.3 

1246.0 

i34x.5 

1437.2 

X064.X 

ix4o.i 

8o 

1509.8 

X625.4 

1267.4 

X364.5 

i46i.8 

1014.8 

X092.7 

XX70.7 

lOO 

i53o.i 

X647.2 

X764.« 

1294.5 

X393.6 

1493.0 

I048.6 

X129.C 

1209.6 
1256.5 

120 

1554.5 

1673.5 

1792.7 

1327. I 

1428.8 

i53o.6 

X089.2 

xx72.e 

i4o 

1582.9 

1704.0 

1825.3 

1365.x 

1469.6 
i5i5.8 

1574.3 

1136.5 

X223.6 

i3io.o 
1372.5 

i6o 

i6i5.o 

1738.5 

1862.2 

x4o8.o 

1623.6 

1189.9 

X28X.I 

i8o 

i65o.6 

1776.7 

1903. I 

1455.6 

1566.9 

1678.5 

1249. I 

1344.8 

x44o.7 

aoo 

1689.3 

18x8.3 

1947.6 

x5o7.3 

1622.6 

1738.1 

i3i3.£ 

i4x4.2 

x5i5.o 

220 

1730.9 

1863.0 

1995.3 

x562.9 

1682.3 

x8o2.o 

1382.7 

1488.6 

1594.7 

24o 

1775.0 

1910.4 

2045 . 9 

1621.9 

1745.7 

1869.8 

1456.1 

1567.5 

1679.2 

260 

1821.3 

X960.0 

a:? 

1683.7 

1812.2 

1940.9 

1533.1 

x65o.3 

1767,8 

280 

1869.3 
1918.8 

2011.6 

1747.9 

188X.2 

2014.7 

i6i3.i 

X736.3 

1859.8 

3oo 

2064.7 

2210.8 

i8x4.x 

1952.3 

2090.6 

1695.4 

X824.8 

1954.4 

320 

1969.3 

2118.9 

2268.6 

1881.6 

2024.8 

2168.1 

1779.5 

1915.2 

2o5i.o 

34o 

2020.4 

2173.7 

2327. X 

1949.9 
2018.6 

2098 . 2 

2246.5 

1864.6 

2006.6 

2x48.8 

36o 

2071.7 

2228.8 

2385.9 
2444.5 

2x71.9 

2325.3 

1950.1 

2098.4 

2246.9 
2344.8 

38o 

2x22.9 

2283.7 

2087.1 

2245.4 

24o3.8 

2o35.3 

2190.0 
2280.6 

4oo 

2173.6 

2338. 0 

25o2.5 

2x54.8 

23i8.x 

2481.4 

21x9.7 

2441.6 

4ao 

2221.4 

2389.5 

2557.6 

2202 . 5 

2369.5 

2536.5 

440 

2283.2 

2456.1 

2629.0 

1 

'OR    C 

AMBRI 

DGE    ObSER^ 

rATOR 

y,  Lat.  42^  22'  48" 

.6. 

Moon's  tr 

tie  DeellBat 

Ion,  I5«  S. 

Moon's  tr 

ue  Deolinat 

ion,  900  S. 

Moon's  tme  Declination,  95°  S. 

Hot 

LxontalPari 

dlax. 

Hor 

zontalPan 

tllax. 

Horizontal  Parallax. 

Hour 
Aiifle. 

53' 

57' 

61' 

53' 

57' 

61' 

53'    1 

57' 

61' 

m. 
0 

2694.9 

2900 . 1 

3io5.6 

2832.8 

3o48.2 

3263.8 

2948.6 

3172.5 

3396.6 

20 

2692.5 

2897.5 

3102.7 

2829.5 

3o44.7 

3260.1 

2944.6 

3i68.2 

3392.0 

4o 

2685. 0 

2889.4 

3094.0 

28x9.8 

3o34.2 

3248.8 

2932.7 

3x55.4 

3378.2 

60 

2672 . 7 

2876.1 

3079.7 

2803.8 

3016.9 

323o.2 

29x3.0 
2885.6 

3i34.i 

3355.3 

80 

2655.6 

2857.6 

3059.9 

2781.4 

2992.7 

3204.2 

3io4.5 

3323. e 

100 

2633.9 

2834.2 

3o34.6 

2753.0 

2962 . I 

3I7I.3 

2850.8 

3067 . 0 

3283.3 

120 

2607.7 

2805.9 

3oo4.2 

2718.8 

2925.x 

3i3i.6 

2808.9 

302X.7 

3234.7 

i4o 

2577.3 

2773.0 

2968.9 

2679.x 

2882.2 

3o85.5 

2760.1 

2969.1 

3178.2 

160 

2542.9 
25o4.8 

2735.9 

2928.9 

2634.1 

2883.7 

3o33.4 

2705.0 

2043.9 

2909.7 

3ii4.4 

180 

2694.7 

2884.7 

2584.3 

2780.0 

2975.7 

2843.8 

3043.7 

200 

2463.3 

2649.8 

2836.5 

2530.X 

2721.5 

Xs!? 

2577.4 

2772.0 

2966.7 
2884.1 

220 

24x8.7 

^601.7 

2784.8 

247X.9 

2658.7 

25o6.o 

2695.1 

240 

2371.5 

2550.7 

2730.0 

24X0.2 

2592.1 

2774.0 

2430.3 

2613.4 

2796.5 

260 

2321.9 

2497.2 

2672.5 

2345.4 

2522.2 

2699.0 

2350.9 

2527  .8 

2704.7 

280 

2270.4 

244X.6 

2612.9 

255x.5l 

2277.1 

2449.6 

2621. I 

3oo 

2217.4 

2384.5 

1 
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Tablb  XVII. 

Parallaetie  Angle*  for  Ike  iMtihuUi  of  Watkingtoii  Oitenatonf. 


Dei» 

Hov  Angle. 

100 

200   1    30° 

40O 

50O 

60° 

70O 

8O0 

90O 

1000 

1100 

e 

0 

0 

0 

e 

e 

0 

e 

e 

0 

e 

e 

r- 

37.8 

54.4 

60.7 

62.9 

63.1 

62.1 

60.3 

58. 0 

55.0 

5i.4 

47.3 

35.3 

52.1 

59.0 

6i.6 

62.1 

61.4 

59.8 

57.6 

54.7 

5i.3 

47.3/ 

27 

33.1 

5o.o 

57.3 

60.3 

61. 1 

60.7 

58.*  7 

57.2 

54.5 

5l.3 

47  •» 

26 

3i.o 

48. 0 

55.7 

59.1 
58. 0 

60.2 

60.0 

56.8 

54.2 

5i.o 

47. s 

25 

29.2 

46.1 

54.2 

59.3 

59.3 

58.2 

56.5 

54.0 

5o.9 
5o.8 

47.« 

24 

27.6 

44.4 

52.8 

56.8 

58.4 

58.6 

57.7 

56.1 

53.8 

47.» 

23 

26.2 

42.7 

5i.4 

55.7 

57.6 

l]:l 

57.3 

55.8 

53.6 

50.7 

47.« 

22 

24.9 

4l-2 

5o.i 

54.7 

56.8 

56.8 

55.5 

53.4 

5o.6 

47« 

21 

23.7 

39.8 

48.8 

53.6 

55.9 

56.7 

56.3 

55.2 

53.2 

5o.6 

20 

22. (j 

3«.4 

47.6 

52.6 

55.2 

56.1 

55.9 

54.8 

:y'6»o 

DO. 6 

\t 

21.7 

37.1 

46.4 

51.7 

54.4 

55.5 

55.5 

54.6 

52.8 

5o.4 

20.8 

36. 0 

45.3 

5o.7 

53.7 

54.9 

55.1 

54.3 

52.7 

5o.4 

11 

19.9 

34.8 

44.3 

49.8 

52.9 

54.4 

54.7 

54.0 

52.5 

5o.3 

i6 

19.2 
18.5 

33.8 

43.2 

49.0 

52.2 

53.9. 

54.3 

53.7 

52.4 

5o.3 

i5 

32.8 

42.3 

48.2 

5i.6 

53.3 

53.9 

53.5 

52.3 

5o.3 

li 

17.8 

31.9 

41.4 

47.4 

50.9 

52.8 

53.S 

53.3 

52.1 

5o.2 

i3 

17.2 

3i,o 

40.5 

46.6 

5o.3 

52.3 

53.2 

53.0 

52. 0 

5o.2 

la 

16.7 

30.2 

39.6 

45.8 

49.7 

51.9 

52.8 

52.8 

5i.o 

5o.2 

II 

16. 2 

29.4 

38,8 

45.1 

49.1 

5i.4 

52.5 

52.6 

5i.8 

10 

i5.7 

28.7 

38. 0 

44.4 

48.5 

5i.o 

52.2 

52.4 

51.7 

I 

l5.2 

28.0 

37.3 

43.7 

48. 0 

5o.5 

5i.o 
5i.6 

52.2 

5i.6 

i4.8 

27.3 

36.6 

43.1 

47.4 

5o.i 

52.0 

5i.6 

7 

i4.4 

26.7 

35.9 
35.3- 

42.5 

46.9 

49.7 

5i.3 

5i.8 

5i.5 

6 

i4.o 

26.1 

41.9 

46.4 

4o.3 
48.9 

5i.o 

51.7 

5i.4 

5 

13.7 

25.5 

34.7 

41.3 

45.9 

5o.7 

5i.5 

5i.4 

4 

i3.4 

25. 0 

.34.1 

40,7 

45.4 

48.6 

5o.5 

5i.4 

5i.4 

3 

i3.i 

24.5 

33.5 

4o.2 

45.0 

48.2 

5o.2 

5l.2 

5i.3 

2 

12.8 

24.0 

33.0 

39.7 

44.5 

47-9 

5o.o 

5i.i 

5i.3 

iN. 

12.5 

23.5 

32.5 

39.2 

44.1 

47.5 

49.8 

5i.o 

5i.3 

o 

12.2 

2J.1 

32. 0 

38.7 

43.7 

47-a 

49.5 

50.9 
5o.8 

5i.3 

iS. 

12.0 

22.7 

3i.5 

38.3 

43.3 

46.0 
46.6 

49.3 

2 

II. 7 

22.3 

3i.o 

37.8 

42.9 

49-1 

50.7 

3 

II. 5 

21.9 

3o.6 

37.4 

42.6 

46.3 

49»o 

48.8 

5o.6 

4 

II. 3 

21.6 

3o.2 

37.0 

42.2 

46.1 

5o.5 

5 

II.  I 

21.2 

29.8 

36.6 

41.9 

45.8 

48.6 

5o.5 

6 

10.9 

20.9 

29.4 

36.2 

4i.6 

45.6 

48.5 

5o.4 

7 

10.7 

20.6 

29.0 
28.7 

35.9 
35.5 

4l.3 

45.3 

48.3 

5o.3 

8 

10.6 

20.3 

40.9 

45.1 

48.2 

5o.3 

9 

10.4 

20.0 

28.3 

35.2 

40.7 

44.9 

48. 0 

5o.3 

10 

10.2 

19. » 

28.0 

34.9 

40.4 

44.7 

47.9 
47-8 

5o.2 

II 

10. 1 

19.5 

27.7 

34.6 

4o.i 

44.5 

5o.2 

12 

10. 0 

19.3 

27.4 

34.3 

39.9 

44.3 

47.7 

5o.2 

. 

i3 

9.8 

19.0 

id. 8 

27.1 

34.0 

39.6 

44.1 

47.6 

5o.2 

i4 

9-7 

26.9 

33.7 

39.4 

43.9 
43.8 

47.5 

i5 

9.6 

18.6 

26.6 

33.5 

39.2 

47.5 

i6 

9.5 

18.4 

26.4 

33.2 

39.0 
38.8 

43.6 

47.4 

17 

9.4 

18.2 

26.1 

33.0 

43.5 

47.3 

18 

9.3 

18.0 

25.9 

32.8 

38.6 

43.4 

47.3 

»9 

9. a 

17.8 

25.7 

32.5 

38.4 

43.3 

47.3 

20 

9.1 

17.7 

25.5 

32.3 

38.2 

43.1 

47-3 

21 

9.0 
8.9 

17.5 

25.3 

32.2 

.38.1 

43.0 

47-a 

22 

17.3 

25.1 

32.0 

.37.9 
37.8 

43.0 

47«a 

23 

.   8.8 

17.2 

24.9 

3i.8 

42.9 
42.8 

47«a 

24 

8.7 

17. 1 

24.8 

3i,6 

37.6 

47-2 

25 

8.6 

16.9 

16.8 

24.6 

3i.5 

37.5 

42.7 

J 

26 

8.6 

24.4 

3i.3 

37.4 

42.7 

27 

8.5 

16.7 

24.3 

3l.2 

37.3 

42.6 

28 

8.4 

16.6 

24.2 

3i.i 

37.2 

42.6 

29  S. 

8.4  1  16.5 

24.0 

30.9 

37.. 

42.6 
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Correction  to  be  added  to  th§  Moon's  DeeUmUion  in  computing  §n 

Occultation 

orEt 

ilipte. 

Dec. 

DUAkdm  or  Bight  AaeeiMloiL                                                         | 

5^ 

i(y 

ly 

20^ 

2^ 

3(y 

35^ 

4(y 

45^ 

5(y 

55^ 

6(y 

65^ 

7(y 

75^ 

8(y 

85^1  9(y 

o     / 
O       O 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ft 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o  3o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

O.I 

0.8 

0.3 

o.a 

0.3 

0.3 

0,4 

0.4 

0.5 

0.5 

0.6 

I      o 

0.0 

0.0 

0.0 

0.1 

O.I 

0.1 

0.3 

o.a 

0.3 

0.4 

0.5 

0.5 

0.6 

0.7 

0.9 

I.O 

I.I 

I.S 

1   3o 

0.0 

0.0 

O.I 

0.1 

O.I 

0.3 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

I.O 

I.I 

1.3 

1.5 

1-7 

»-S 

a     o 

0.0 

0.0 

O.I 

0.1 

o.a 

0.3 

0.4 

0.5 

0.6 

0.8 

0.9 

I.I 

1.3 

1.5 

1-7 

1.9 

3.3 

2.^ 

a  3o 

0.0 

0.0 

O.I 

0.2 

0.3 

0.3 

0.5 

0.6 

0.8 

I.O 

1.8 

1.4 

1.6 

1.9 

a. I 

8.4 

2.8 

3.1) 

3     0 

0.0 

0.0 

O.I 

o.a 

0.3 

0.4 

0.6 

0.7 

0.9 

I.I 

1.4 

1.6 

1.9 

3.3 

8.6 

8.9 

3.3 

3.7 

3  3o 

0.0 

O.I 

O.I 

o.a 

0.3 

0.5 

0.7 

0.9 

I.I 

1.3 

1.6 

1.9 

3.3 

8.6 

3.0 

3.4 

3.8 

4.3 

4    o 

0.0 

O.I 

O.I 

o.a 

0.4 

0.5 

0.7 

I.O 

1.3 

1.5 

1.8 

2.2 

3.6 

3.0 

3.4 

3.9 

4.4 

4.9 

4  3o 

D.O 

O.I 

o.a 

0.3 

0.4 

0.6 

0.8 

1 .1 

1.4 

1-7 

a. I 

2.5 

8.9 

3.3 

3.8 

4.4 

4.9 

5.5 

5     o 

D.O 

O.I 

0.3 

0.3 

0.5 

0.7 

0.9 

I. a 

1.5 

1.9 

a. 3 

2.7 

3.3 

3.7 

4.3 

4.8 

5.5 

6.1 

5  3o 

0.0 

O.I 

0.2 

0.3 

0.5 

0.7 

I.O 

1.3 

1-7 

3.1 

3.5 

3.0 

3.5 

4.1 

4.7 

5.3 

6.0 

6.7 

6     0 

0.0 

O.I 

0.3 

0.4 

0.6 

0.8 

I.I 

1.4 

1.8 

3.3 

3.7 

3.3 

3.8 

4.4 

5.1 

5.8 

6.6 

7.3 

6  3o 

0.0 

O.I 

0.2 

0.4 

0.6 

0.9 

1.2 

1.6 

3.0 

3.5 

3.0 

3.5 

4.1 

4.8 

5.5 

6.3 

7-1 

8.0 

7    0 

0.0 

O.I 

0.2 

0.4 

0.7 

I.O 

1.3 

^•7 

3.1 

2.6 

3.8 

3.8 

4.5 

5.2 

^•s 

6.8 

7-7 

8.6 

7  3o 

0.0 

O.I 

0.3 

0.4 

0.7 

I.O 

1.4 

1.8 

3.3 

3.8 

3.4 

4.1 

4.8 

5.5 

6.^ 

7.2 

8.8 

9.1 

8     0 

0.0 

O.I 

0.3 

0.5 

0.8 

I.I 

1.5 

1.9 

a.4 

3.0 

3.6 

4.3 

5.1 

l:t 

6.8 

7«7 

8.7 

9-7 

8  3o 

0.0 

O.I 

0.3 

0.5 

0.8 

I.I 

1.6 

3.0 

3.6 

3.3 

3.9 

4.6 

5.4 

7.3 

8.2 

9.8 

10.3 

9    ^ 

0.0 

O.I 

0.3 

0.5 

0.8 

1.3 

^•7 

3.3 

3.8 

3.4 

4.i 

4.9 

5.7 

6.6 

7.6 

8.6 

9.8 

10. 0 
II. 5 

9  3o 

0.0 

O.I 

0.3 

0.6 

£l9 

1.3 

i;8 

3.3 

3.9 

3.5 

4.3 

5.1 

6.0 

6.9 

8.0 

9.1 

10.3 

lO      o 

0.0 

O.I 

0.3 

o.b 

0.9 

1.3 

i.b 

3.4 

3.0 

3.7 

4.5 

5.4 

6.3 

7.3 

8.4 

9.6 

10.8 

13. 1 

10  3o 

0.0 

0.3 

0.3 

0.6 

I.O 

1.4 

1.9 

3.5 

3.3 

3.9 

4.7 

5.6 

6.6 

7-7 

8.8 

10. 0 

II. 3 

18.6 

II      o 

0.0 

o.a 

0.4 

0.7 

I.O 

1.5 

a.o 

3.6 

3.3 

4.1 

5.0 

5.9 

6.9 

6.0 

9.8 

10.5 

II. 8 

l3.8 

II  3o 

0.0 

o.a 

0.4 

0.7 

I.I 

1.5 

3.1 

3.7 

3.4 

4.2 

5.8 

6.1 

7.3 

8.3 

9.6 

10.9 

18.3 

i3.8 

la     o 

0.0 

0.2 

0.4 

0.7 

I.I 

1.6 

3.3 

3.8 

3.6 

4.4 

5.4 

6.4 

7.5 

8.7 

10. 0 

11.4 

18.8 

14.4 

la  3o 

O.I 

0.2 

0.4 

0.7 

I.I 

1.6 

3.2 

3.9 

3.7 

4.6 

5.6 

6.6 

7.8 

9.0 

10.4 

II. 8 

i3.3 

ti 

i3     o 

O.I 

0.2 

0.4 

0.8 

1.8 

1-7 

3.3 

3.1 

3.9 

4.8 

5.8 

6.9 

8.1 

9.4 

10.8 

12.2 

i3.8 

i3  3o 

O.I 

o.a 

0.4 

0.8 

1.3 

1.8 

a.4 

3.8 

4.0 

5.0 

6.0 

7-J 

8.4 

9-7 

II. I 

18.6 

14.3 

16. d 

i4    o 

O.I 

0.3 

0.5 

0.8 

1.3 

1.8 

3.5 

3.3 

4.8 

5.1 

6.3 

7-4 

8.7 

10. 0 

II. 5 

i3.i 

i4.8 

16.6 

i4  3o 

O.I 

0.3 

0.5 

0.8 

1.3 

1.9 

3.6 

3.4 

4.3 

5.3 

6.4 

7.6 

8.9 

10.3 

II. 9 

i3.5 

i5.3 

17.1 

i5    o 

O.I 

o.a 

0,5 

0.9 

1.4 

3.0 

3.7 

3.5 

4.5 

5.5 

6.6 

7»9 

9.3 

10.7 

ia.3 

i4.o 

i5.8 

17.7 

i5  3o 

O.I 

0.3 

0.5 

0.9 

1.4 

3.0 

3.8 

3.6 

4.6 

5.6 

6.8 

8.1 

9.5 

II. 0 

18. 7 

i4.4 

16.3 

18. a 

i6     o 

0.  I 

o.a 

0.5 

0.9 

1.5 

3.1 

3.9 

3.7 

4.7 

5.8 

7.0 

8.3 

9.8 

II. 3 

i3.o 

i4.8 

16.7 

18.7 

i6  3o 

O.I 

0.3 

0.5 

0.9 

1.5 

a.i 

3.9 

3.8 

4.8 

5.9 

7.3 

B.6 

10. 0 

II. 6 

i3.4 

l5.8 

17.3 

19.3 

17     0 

O.I 

o.a 

0.5 

I.O 

1.5 

a.a 

3.0 

3.9 

5.0 

6.1 

7-4 

8.8 

10.3 

12.0 

i3.8 

i5.6 

17.7 

19.8 

17  3o 

O.I 

o.a 

0.6 

I.O 

1.6 

a. 3 

3.1 

4.0 

5.1 

6.3 

7.6 

9.0 

10.6 

12.3 

i4.i 

16.0 

18. 1 

80.8 

18     0 

O.I 

0.3 

0.6 

1.0 

1.6 

3.3 

3.1 

4.1 

5. a 

6.4 

vx 

9.3 

10.9 

ia.6 

i4.5 

16.4 

18.6 

30.8 

18  So 

O.I 

0.3 

0.6 

I.O 

1.6 

2.4 

3.3 

4.8 

5.3 

6.6 

9.5 

II. I 

12.0 

i4.8 

16.8 

i9.o|8i.3 

19     0 

O.I 

0.3 

0.6 

I.I 

1-7 

2.4 

3.3 

4.3 

5.5 

6.7 

8.a 

9-7 

II. 3 

i3.a 

l5.3 

17.8 

19.5,21.8 

19  3o 

O.I 

0.3 

0.6 

I.I 

1-7 

3.5 

3.4 

4.4 

5.6 

6.9 

8.3 

9.9 

II. 6 

i3.5 

i5.5 

17.6 

19.9 

38.8 

ao     0 

O.I 

0.3 

0.6 

777 

1.8 

3.5 

3.5 

43 

5.7 

7.0 

8.5 

10. 1 

II. 9 

13.7 

i5.8 

ib.o 

30.3 

33.7 

ao  3o 

O.I 

0.3 

0.6 

I.I 

1.8 

a. 6 

3.5 

4.6 

5.8 

7-1 

8.7 

10.3 

la.i 

i4.o 

16. 1 

18.3 

30.7 

83.8 

ai     0 

O.I 

0.3 

0.7 

I. a 

1.8 

a.6 

3.6 

4.7 

5.9 

7.3 

8.9 

10.5 

18.4 

i4.3 

16.5 

18.7 

21. 1 

83. C 

ai  3o 

O.I 

0.3 

0.7 

I. a 

I  9 

a-7 

3.6 

4.8 

6.0 

7.4 

9.0 

I0.7 

18.6 

i4.6 

16.8 

19. 1 

31.5 

84.1 

aa     0 

O.I 

0.3 

0.7 

i«s 

1.9 

a. 7 

3.7 

4.8 

6.3 

7.6 

9.3 

10.9 

13.8 

14.9 

17. 1 

19.4 

31.9 

84.6 

aa  3o 

O.I 

0.3 

0.7 

I. a 

1.9 

3.8 

3.8 

4.9 

6.3 

7-7 

9.4 

II. I 

i3.o 

i5.i 

17.4 

19.8 

33.3 

35.0 

a3     0 

O.I 

0.3 

0.7 

1.3 

a.o 

3.8 

3.9 

5.0 

6.4 

7.8 

9.5 

II. 3 

i3.3 

i5.4 

17.7 

80. 1 

33.7 

85.4 

a3  3o 

O.I 

0.3 

0.7 

1.3 

a.o 

3.9 

3.9 

5.1 

6.5 

8.0 

9'7 

II. 5 

i3.6 

i5.7 

18.0 

80.5 

23.1 

35. c 

a4    0 

O.I 

0.3 

0.7 

1.3 

a.o 

3.9 

4.0 

5.3 

6.6 

8.1 

9.9 

II. 7 

i3.8 

i5.o 

18.3 

30.8 

a3.5'a6.S 

24  3o 

O.I 

0.3 

0.7 

1.3 

a. I 

3.0 

4.0 

5.3 

6.7 

8.3 

10. 0 

11.9 

13.9 

16. i 

18.5 

31. 1 

2:^.9!26.7 

a5     0 

O.I 

0.3 

0.7 

1.3 

a. I 

3.0 

4.1 

5.3 

6.8 

8.4 

10. 1 

la.o 

i4.i 

i(i.4 

18.8 

31.4 

24.2,27.1 

a5  3o 

O.I 

0.3 

0.8 

1.3 

a. I 

3.0 

4.a 

5.4 

6.9 

8.5 

10.3 

ia.3 

i4.3 

16.6 

19. 1 

31.7 

24.5 

87.5 

a6    0 

O.I 

0.3 

0.8 

1.4 

a.a 

3.1 

4.3 

5.5 

7.0 

8.6 

10.4 

ia.4 

i4.5 

16.8 

19.3 

83. 0 

34.9 

37.9 

a6  3o 

O.I 

0.3 

0.8 

1.4 

a. a 

3.1 

4.3 

5.6 

7-1 

8.7 

10.6 

ia.6 

14.7 

17. 1 

19.6 

3a. 3 

35.8 

88.8 

a7    0 

O.I 

0.3 

0.8 

1.4 

a.a 

3.3 

4.4 

5.6 

7-1 

8.8 

10.7 

18. 7 

14.9 

17.3 

19.9 

38.6 

85.5 

a8.6 

a7  3o 

O.I 

0.4 

0.8 

1.4 

a.a 

3.3 

4.4 

5.7 

7.8 

8.9 

10.8 

13.9 

i5.i 

17.5 

30.I 

88.9 

35.8 

88.0 

89.3 

a8    0 

O.I 

0.4 

0.8 

1.4 

a. 3 

3.3 

4.5 

5.8 

7.3 

9.0 

10.9 

i3.o 

i5.3 

17.7 

ao.4 

83.3 

26.8 

28  3o|o.i 

0.4 

0.8 

1.5 

a. 3 

3.3 

4.5 

5.97.4 

9.1 

II. I 

l3.8 

i5.5 

17.9 

30. 6 

83.4 

26.5 

89.6 

19    0 

|o.i|o.4 

0.8 

1.5 

a. 3 

3.3 

4.5 

5.97.5 

9.3 

II. a 

i3.3 

i5.6 

18.T 

80.8 

23.7 

26.8 

3o.o 
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star's 
Dee. 


Latitude  or  tbeMMe. 


40     80    100  120  140  160  180  200  220  240  26Q  280  30O  32«> 


29  N. 
28 

37 
26 

25 

24 

83 

22 
21 


h,  m. 
6  37 
6  35 
6  34 
6  3fl 
6  3i 
6  ao 
6  s8 
6  27 
6  85 


k, 
6  47 
6  45 
6  43 
6  4i 
6  39 


A. 

6  58 
6  5o 
6  46 
6  45 
6  43 
6  4i 
6  39 
6  38 
6  36 


h.  m. 


446  486 


6  45 
6  43 


A. 

7 

7 

7 

7 

7 

7 

6 

6  54 

6  Si 


k. 

7   81 


i8| 

i4 

II 

8 

S 

8 

6  58 
6  56 


20 

II 

17 
16 
i5 
i4 
i3 
12 
II 


12 
II 

6.  10 

6  10 

6 

6 


6  8 


e  24 

6  83 


3o 
89 
87 
36 
6  84 

»6  82 


6  4j 
6  3< 
6  3i 
6  34 
6  38 
6  3o 
6  88 
6  86 
6  84 

6  88 


4o6 


49 
46 


3i 

33 

3o6 

88 
86 
84 


43 

6  4i 
6  38 
6  36 
33 
6  3i 
6  88 
6  86 


6  53 

6  5o 

6  47 
6  44 
6  4i 
6  39 
6  36 
6  33 
6  3i 
6  88 


9 
8 

7 
6 
5 
4 
3 

8 

I  N. 


o 
I  S. 

a 
3 
4 
5 
6 

7 
8 


10 
II 

18 

i3 
i4 
i5 
16 

\l 

»9 
80 

81 
88 
83 
84 
85 

a6 
37 

88 

29  S. 


i36 


06 

59 


o 
59 

58 

57 
55 

54 
53  5 


53 

5i 
5o 


48 

47 
46 
45 

44 

48 

4i 
4o 

iZ 

36 
35 
33 

32 

3i 

:i 

86 

!r5 

83 


6  16 
6  i5 
6  i3 
6  II 
6  10 
6  8 
6  6 
6  5 
6  3 
6  3 


18  b  20 


6  18 

6  16 

6  i4 

6  18 

96  10 

6  8 

6  6 

6  4 

^  * 

6 

5 


0  82 
6  81 

6 
6 

6  i4 

6  19 

96 

66 

46 

6 


56|5  56 
54 


545 

58 


45 
44 
42 
4i 
39 
38 
36 
34 
33 

il 

3o 
28 
26 
94 

83 
81 

19 

17 

i5 
i3 


44 
42 
4o 

37 


42 
4o 
38 
36 
35 
33 
3i 

88 

87 

85 

83 

81 

19 
16 

i4 

18 

10 

8 
5 
3 


5i 

S 
5  43 
5  4i 


:>  38 
5  36 
5  34 
5  3a 
5  3o 
3o5  87 
5  85 
SaS 
5-  ao  5 
5  18  5 


196 
166 


96 
76 
56 


86 


6  o 
5SS  58 
565  55 


4  57 


o4  54 


4  58  i 


37 
34 
3a 

89 

87 
s4 
aa 

19 

17 

IX 

9 
6 

3 

o 

58 

55 

58 

n 


t)    85 

6  ad 
ao 

18 
6  i5 
6  i3 
10 
8 
5 
a 


5  5a 
5  5c 
5  47 
5  45 
5  4a 
5  4o 
5  37 


5  35 
5  38 
5  89 
5  87 
5  24 
5  21 
5  19 
5  16 
5  i3 
5  10 

"7 
4 
a 
58 
55 
5a 

49 

46 

48 

3yl 
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Star's 
Dec. 

Latitwto  of  tHe  Place. 

340 

360 

380 

400 

420 

440 

460 

480 

50O 

520 

540 

560 

580 

6O0 

0 

k,   m. 

h.  m. 

A.  m. 

h,   m. 

k.   m. 

i.  m. 

A.  m. 

h,   m. 

A.  m. 

A.  m. 

A.  m. 

A.  m. 

A.  m. 

A.  m. 

29  N. 

7  28 

7  35 

7  43 

7  5' 

6     0 

8  10 

8  90 

8  32 

8  45 

t    52 

8  58 

9  4i 

10  10 

10  55 

38 

724 

7  3' 

7  38 

7  46 

7  55 

8  4 

8  i4 

8  25 

8  37 

9  a8 

953 

10  28 

27 

7  20 

7  97 

7  34 

741 

7  49 

7  58 

8  7 

6  18 

8  3o 

8  43 

9  16 

9.3o 
9  sS 

10  8 

26 

7  17 

7  93 

7  3o 

7  37 

7  44 

7  53 

8  I 

8  11 

8  22 

8  35 

8  49 

9  5 

9  5i 

a5   , 

7  i3 

7  »9 

7  25 

7  32 

]U 

747 

7  55 

8  5 

8  i5 

8  97 

8  4o 

8  54 

9  'i3 

9  35 

24 

7  10 

7  16 

7  21 

7  98 

742 

7  5o 

]ll 

8  8 

8  19 

8  3i 

8  45 

u\ 

9  22 

23 

7  7 

7  12 

7  17 

7  23 

7  3o 

7  37 

7  44 

8  9 

8  12 

8  23 

8  36 

M 

22 

7  3 

7  8 

7  i4 

7  19 
7  i5 

7  25 

7  33 

7  39 

7  47 

755 

8  5 

8  i5 

8  37 

8  4i 

21 

7  0 

7  5 

7  10 

7^  21 

7  a7 

7  34 

7  4i 

7  49 

7  58 

8  8 

8  19 

8  32 

8  47 

20 

6  57 

7  I 

7  6 

7  " 

7  17 

7  92 

7  29 

7  35 

7  43 

7  5i 

b     0 

8  11 

b  22 

8  36 

19 

6  54 

6  58 

7  a 

7  7 

7  U 

7  18 

7  24 

7  3o 

7  37 

745 

7  53 

8  3 

8  j4 

8  26 

18 

6  5i 

6  55 

6  59 

6  55 

7  3 

7  8 

7  i3 

7  19 

7  25 

7  3i 

7  38 

7  46 

7  55 

8  .5 

8  17 

17 

6  48 

6  5i 

6  59 

7  4 

7  9 

7  i4 

7  19 

7  25 

7  32 

7  4o 

7  48 

7  37 

6.  S 

16 

6  45 

6  48 

6  52 

6  56 

7  0 

7  4 

7  9 

7  i4 

7  90 

7  26 

.7  33 

7  41 

7  49 

7.59 

i5 

6  4a 

6  45 

6  46 

6  53 

6  56 

7  0 

7  4 

7  9 

7  i4 

7  20 

7  27 

7  34 

7  42 

7.51 

i4 

6  39 

6  42 

6  45 

6  48 

6  52 

6  56 

7  0 

7  4 

7  9 

7  i4 

7  20 

7  27 

7  34 

7  42 

i3 

6  36 

6  39 
6  36 

6  42 

6  45 

6  48 

6  52 

6  55 

6  59 

7  4 

n 

7  14 

7  20 

7  27 

7  34 

18 

6  33 

6  38 

6  4i 

6  44 

6  47 

6  5i 

6  55 

6  59 

7  8 

7  i3 

7  20 

7  26 

II 

6  3o 

6  32 

6  35 

6  38 

6  4o 

6  43 

6  46 

6  5o 

6  54 

6  58 

7  a 

7  7 

7  12 

7  19 

10 

6  27 

6  29 

6  32 

6  34 

6  37 

6  39 

6  42 

6  45 

6  49 

6  52 

6  56 

7  J 

7  6 

7  " 

9 

6  25 

6  26 

6  98 

6  3i 

&  33 

6  35 

6  38 

6  4i 

6  44 

6  47 

6  5o 

6  54 

6  59 

7  4 

8 

6  22 

6  23 

6  25 

6  97 

6  29 

6  3i 

6  33 

6  36 

6  39 

6  41 

6  45 

6  48 

6  52 

6  56 

7 

6  19 
6  16 

6  20 

6  29 

6  94 

6  95 

6  27 

6  99 
6  95 

6  3i 

6  34 

6  36 

6  39 

6  42 

6  45 

6  49 

6 

6  18 

6  19 

6  90 

6  99 

6  23 

6  27 

6  99 

6  3i 

6  33 

6  36 

6  39 

6  42 

5 

6  i4 

6  i5 

6  16 

6  17 

6  18 

6  19 
6  i5 

6  91 

6  29 

6  94 

6  96 

6  a8 

6  3o 

6  82 

6  35 

4 

6  II 

6  12 

6  i3 

6  i3 

6  i4 

6  17 

6  18 

6  10 

6  ai 

6  23 

6  24 

6  86 

6  28 

3  . 

6  8 

6  9 

6  9 

6  10 

&  11 

6  12 

6  19 

6  i3 

6  i4 

6  i5 

6  17 

6  18 

6  10 

6  21 

2 

6  5 

6  6 

6  6 

6  7 

6  1 

6  8 

6  8 

6  9 

6  lo 

6  10 

6  II 

6  la 

6  i3 

6  i4 

iN. 

6  3 

6  3 

6  3 

6  3 

^    4 

6  4 

6  4 

6  4 

6  5 

6  5 

6  6 

6  6 

6  6 

6  7 

0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

6  0 

iS. 

5  57 

5  57 

5  57 

5  57 

5  56 

5  56 

5  56 

5  56 

5  55 

5  55 

5  54 

5  54 

5  54 

5  53 

a 

5  55 

5  54 

5  54 

5  53 

5  53 

5  52 

5  52 

5  5i 

5  5o 

5  5o 

5  49 
543 

5  48 

5  47 

5  46 

3 

5  52 

5  5i 

5  5i 

5  5o 

5  49 

5  48 

5  48 

3.47 

5  46 

5  45 

5  4a 

5  4i 

5  39 

4 

5  49 

5  48 

5  47 

5  47 

5-4e 

5  45 

5  43 

5  4a 

5  41 

5  39 

5  38 

5  36 

5  34 

5  32 

5 

5  46 

5  45 

5  44 

543 

5  4j* 

5  4i 

5  39 
5  35 

5  38 

5  36 

5  34 

5  32 

5  3o 

5  38 

5  25 

6 

5  44 

542 

5  4i 

5  4o 

5  38 

5  37 
5  33 

3  33 

5  3i 

5  29 

5  27 

$  24 

5  91 

5  18 

7 

5  4i 

5  4o 

5  38 

5  36 

5  35 

5  3i 

5  99 

5  96 

5  24 

5  21 

5  jB 

5  i5 

5  II 

8 

5  38 

5  37 

5  35 

5  33 

5  3i 

5  29 
5  95 

5  27 

5  94 

5  91 

5  19 

5  i5 

5  12 

5  -8 

5  4 

9 

5  35 

5  34 

5  32 

5  99 

5  97 

5  23 

510 

5  16 

5  i3 

5  10 

5  6 

5  I 

4  56 

10 

5  33 

5  3i 

5  98 

5  96 

5  23 

5  91 

i  18 

n? 

i   II 

5  8 

S  4 

4  59 

4  i4 

4  49 

II 

5  3o 

5  28 

5  95 

5  99 

5  90! 

5  17 

5  i4 

6   10 

5  6 

5  9 

4  58 

4  53 

4  48 

4  4i 

19 

5  27 

5  24 

5  99 

5  19 
5  i5 

5  16 

5  i3 

ii 

5  5 

5  I 

4  57 

4  52 

4.47 

4  4o 

4  34 

i3 

5  24 

5  91 

5  18 

5  19 

5  8 

5  I 

4  56 

4  5i 

4  46 

4  4o 

4  33 

4  26 

i4 

5  91 

5  18 

5  i5 

5  12 

5  8 

5  4 

5  0 

4  56 

4  5i 

4  46 

4  4o 

4  33 

4  26 

4  18 

i5 

5  18 

5  i5 

5  19 

5  8 

5  4 

5  0 

4  56 

4  5t 

4  46 

440 

4  33 

4.26 

4  18 

4  9 

16 

5  i5 

5  12 

5  8 

5  4 

5  0 

4  56 

4  5i 

4  46 

4  4o 

4  34 

4  97 

4.19 

4  II 

4  I 

17 

5  12 

It 

5  5 

5  1 

4  56 

4  5i 

4  46 

4  4i 

4  35 

4  98 

4  80 

4  la 

4  3 

3  52 

18 

5  9 

5  I 

4  57 

4  59 

4  47 

4  4i 

4  35 

4  99 

4  99 

4  i4 

4  5 

3  55 

3  43 

»9 

5  6 

5  2 

4  58 

4  53 

4  48 

4  49 

4  36 

4  3o 

4  93 

4  i5 

4  7 

3  57 

3  46 

3  34 

20 

5  3 

4  5? 

4  54 

449 

4  43 

4-38 

4  3i 

4  25 

4  17 

4  9 

4  Q 

3  49 

3  38 

3  24 

21 

5  0 

4  5o 

4  45 

itt 

4  33 

4  36 

4  19 

4  11 

4  9 

3  59 

3  4i 

3  88 

3  i3 

22 

4  57 

4  52 

4  46 

4  4i 

498 

4  31 

4  i3 

4  5 

3  55 

3  45 

3.33 

5  19 

8  2 

23 

4  53 

4  48 

4  43 

4  37 

4.3o 

4  93 

4  16 

4  7 

3  58 

3  48 

3  37 

3  34 

u 

8  5l 

24 

4  5o 

4  44 

J  51 

4  32 

4.a5 

4  i8 

4  10 

4  1 

3  5b 

3  4i 

3  89 

3  i5 

8  38 

25  . 

447 

4  4i 

4  98 

4  31 

4  i3 

4  S 

a  55 

3  45 

3  33 

3  80 

3  6 

8  47 

8  25 

s6 

4  43 

4  37 

4  3o 

4  a3 

4  16 

4.  8 

If! 

349 

3  36 

3  95 

3  If 

a  55 

9  35 

8   9 

27 

440 

4  33 

4  96 

4  19 

4.11 

4  a 

3  4a 

3  3d 

3  17 

3  2 

a  44 

a  81 

I  5# 

98 

4  36 

4  99 

4  99 

4  i4 

4  5 

3  56 

3  46 

3  35 

3  33 

3  8 

a  5a 

a  3a 

9  7 

I  32 

29  s. 

4  32 

4  a^ 

4  17 

4  9 

4  0 

3  5o 

3  4o 

3  28 

3  i5 

959 

a  4i 

3  19 

I  5o 

1  5 

388 


Tablb  XX. 


To  convert  MitiimeUrM  into  EngUak  Indus, 


MllUm- 
etan. 

InchM. 

MUiim- 

EngUsh 
Inches. 

iMUlim. 
etera. 

Engllsb 
incbfls. 

MUllm- 
ecera. 

sn 

MUlim- 
•ten. 

ifSEJ 

ec«ri.   iBcbn.  , 

I 

0.0 J94 

59 

2.3229 

XI7 

4.6064 

662 

26.0635 

720 

28.3470 

778 

3o.63o5, 
.669d 
.7092' 

2 

.0787 

60 

.3622 

X18 

.6458 

663 

.X028 

72X 

.3864 

779 

3 

.1181 

61 

.4016 

119 

.685 1 

664 

.X422 

722 

.4257 

780 

4 

.1575 

62 

.4410 

120 

.7245 

665 

.x8i6 

723 

.465i 

781 

.74S6 

5 

.1969 
.2362 

63 

.4804 

i3o 

5.1x82 

666 

.2209 

724 

.5o45 

782 

•7879 

6 

64 

.5x97 

x4o 

.5x19 

667 

.2603 

725 

.5438 

783 

.827S 

7 

.2756 

65 

.5591 
.5985 

i5o 

.9056 

668 

.2997I  726 

.5832 

784 

.8667 

8 

.3i5o 

66 

x6o 

6.2993 

669 

.3391 
.3784 

727 

.6226 

785 

.9060: 

9 

.3543 

67 

.6378 

170 

.6930 
7.0867 

670 

728 

.662c 

786 

.9454 

lO 

.3937 

68 

.6772 

x8o 

671 

.4178 

729 

.70x3 

787 

.9845 

IX 

.4331 

69 

.7166 

190 

.48o5 

672 

.4572 

730 

.7407 

^788 

3i  .0242' 

12 

.4724 

70 

.7560 

200 

.8742 

673 

.4965 

731 

.7800 

789 

.0635; 

i3 

.5ii8 

71 

.7953 

2x0 

8.2679 

674 

.5359 

732 

.8194 

790 

.  1029' 

i4 

.55i2 

72 

.8347 

220 

.66x6 

675 

.5753 

733 

.8588 

79X 

.1423 

i5 

.5906 

73 

.8741 

23o 

9.0553 

676 

.6x47 

734 

.8982 

792 

.18x7 

i6 

.6299 

74 

.9134 

240 

.4490 

677 

.654o 

735 

.9375 

793 

.2210; 

I? 

.6693 
.7087 

75 

.9528 

25o 

.8427 

678 

.6934 

736 

.9769 

794 

.2604; 

i8 

76 

3.o3i6 

260 

10.2364 

679 

.7328 

737 

29.0163 

795 

.299b 

19 

.7480 

77 

270 

.63oi 

680 

.7721 

738 

.0556 

796 

.3391 

20 

.7874 

78 

.0709 

280 

XX.0238 

68x 

.8ix5 

739 

.0950 

797 

.3785' 

21 

.8268 

79 

.iio3 

290 

.4175 

682 

.85o9 

740 

.1344 

798 

.4179' 

22 

.8662 

80 

.1497 

3oo 

.8X12 

683 

.8902 

74x 

.1738 

799 

.4571 

23 

.9055 

8x 

.1890 

3io 

X 2. 2049 

684 

.9296 

742 

.2i3x 

800 

.4966 

24 

•9449 

82 

.2284 

320 

.5987 

685 

.9690 

743 

.2525 

8x0 

31.8903. 

25 

.9843 

83 

.2678 

33o 

x3!386x 

686 

27.0084 

744 

.29x9 

820 

32,2840' 

26 

I.0236 

84 

.3071 

340 

687 

.0477 

745 

.33x2 

83o 

A6775. 

27 

.o63o 

85 

.3465 

35o 

.7798 
14.1735 

688 

.0871 

746 

.3706 

d4o 

33.071: 

28 

.1024 

86 

.3859 

36o 

689 

.1265 

747 

.4x00 

85o 

.4652- 

29 

.i4i8 

u 

.4253 

370 

.5672 

690 

.1658 

748 

.4494 

860 

.85S9' 

3o 

.1811 

.4646 

38o 

.9609 

69  X 

.2052 

749 

.4887 

870 

34.2626 

3i 

•  2205 

89 

.5o4o 

390 

X 5. 3546 

692 

.2446 

75o 

.528x 

880 

.6463 

32 

.2599 

90 

.5434 

4oo 

•  7483 

693 

.2840 

75i 

.5675 

890 

35 .0400 

33 

'X 

91 

.5827 

4xo 

i6.x42o 

694 

.3233 

752 

.6068 

900 

.4337' 

34 

92 

.6221 

420 

.5357 

695 

.3627 

753 

.6462 

9x0 

.8274. 

35 

.3780 

93 

.66x5 

43o 

17.3232 

696 

.4oai 

754 

.6856 

920 

36 . 22 1 1 

36 

.4173 

94 

.7009 

440 

697 

.44x4 

755 

.7249 

930 

.6x4t 

37 

.4567 

95 

.7402 

45o 

.7x69 

698 

.4808 

756 

.7643 

940 

37.0085 

38 

.4961 

96 

.7796 

460 

X8.XX06 

699 

.5202 

757 

.8037 

950 

Uo23, 

39 

.5355 

97 

.8190 

470 

.5o43 

700 

.5596 

758 

.8431 

960 

.7960. 

40 

,5748 

98 

.8583 

48o 

.8980 

70X 

.5989 

.6383 

759 

.8824 

970 

38.X897; 

4i 

.6x42 

99 

.8977 

490 

19. 2917 

702 

760 

.92x8 

980 

.5834 

4a 

.6536 

100 

.9371 

5oo 

.6854 

703 

.6777 

761 

.96x2 

990 

•9771 

43 

.6929 
.7323 

lOI 

/97f4 

5xo 

20.0791 

704 

.7x70 

762 

3o.ooo5 

1000 

39.370S 

44 

X02 

4.0x58 

520 

,4728 

7o5 

.7564 

763 

.0399 

1 

45 
46 

.77x7 
.8x11 

io3 

.o552 

53o 

.8665 
21.2602 

706 
707 

:Ufr 

764 
765 

.o7q3 

! 

io4 

:o946 

54q 

''\P 

Propovtianal 
Parts. 

47 

.85o4 

xo5 

.1339 
.X733 

55o 

.6539 

708 

.8745 

766 

.x58c 

MUlim- 

!^ 

48 

.8898 

X06 

56o 

aa.o477 

709 

:llll 

767 

.1974 

et«ar». 

49 

.9292 
.9685 

107 

.2127 

570 

.44x4 

7x0 

768 

.2368 

O.I 

0.0039: 

5o 

108 

.2520 

58o 

.8351 

71X 

.9927 

769 

.2761 

0.2 

0.0079' 

5i 

2.0079 

X09 

.29x4 

590 

23.2288 

7x2 

28.0320 

770 

.3x55 

0.3 

0.011&. 

52 

.0473 

IIO 

.33o8 

600 

.62«5 

7X3 

.07x4 

771 

.3549 

0.4 

0.0x57. 

53 

.0867 

III 

.3702 

610 

24.0162 

714 

.XX08 

772 

.3942 

0.5 

0.0x97 

54 

.1260 

112 

.4095 
.4489 

620 

.4099 

7x5 

.i5ox 

773 

.4336 

0.6 

0.0236 

55 

.1654 

1x3 

63o 

.8036 

716 

.x8o5 
.2289 
.2683 

774 

.4730 

0.7 

0.0276 

56 

.2o48 

ii4 

.4883 

64o 

2S.X973 

7x7 

775 

.5x24 

0.8 

o.o3x5J 

57 

.2441 

1x5 

.5276 

65o 

.59x0 

.9Q47 

718 

776 

.55x7 

0.9 

o.o354 

58 

.2835 

1x6 

.5670 

660 

7x9 

.3076 

777 

.59x1 

x.o 

0.0394 

One  millimeter  equals  0.03937079  English  inch. 
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lb  cotnert  Engluk  Inehet  into  MiUimeters. 


InehiB*. 


MUlim- 


MiUlm- 


EngliBh    MiiUm- 


IndiM. 


En^Uah 

lOCBM. 


EndMi 
IncliN. 


MUim- 
eten. 


2.54 

5.08 

7.62 

ZO.16 

12.70 

i5.s4 
17.78 
20. 32 
22.86 

25. 4o 
27.94 
3o.48 
33.02 
35.56 
38. 10 
4o.64 
43.18 
45.72 
48.26 
5o.8o 
53.34 
55.88 
58.42 
60.96 
63. 5o 
66.04 
68.58 
71.12 
73.66 
76.20 
78.74 
81.28 
83.82 
86.36 
88.90 
91.44 

93.  or 
96.5: 
99.06 
101.60 
104. i4 
Z06.68 
109.22 
1 1 1. 76 
ii4.3o 
1x6.84 
X19.38 
121.92 
124. 4< 
127 
129.54 
i32.o8 
134.62 
137.16 
139.70 
142.24 
144.78 


5.9 
6.0 
.1 
.2 
.3 
.4 
.5 

.6 

•7 

.8 

•9 
7.0 
.1 
.2 
.3 
.4 
.5 
.6 


8.0 
.1 
.2 
.3 

.4 
.5 
.6 

•7 
.8 

•9 
9.0 

•  I 

•  2 
.3 
.4 
.5 
.6 

•7 

.8 

•9 
10. o 

.1 
.2 
.3 
.4 
.5 
•6 

•7 
.8 

•9 

II. o 

.1 

•  9 

.3 

.4 
.5 
.6 


149.86 
i52.4o 
154.94 
157.48 
160.02 
162.56 
i65.io 
167.64 
170.18 
172.72 
175.26 
177.80 
180.34 
182.88 
185.42 
187.96 
190.50 
193.04 
195.58 
198.12 
200.66 
2o3 • 20 
2o5 . 74 
208.28 
210.82 
213.36 
2x5.90 
218.44 
220.98 

223.52 
226.06 
228.60 

23z.i4 
233.68 

236.22 

238.76 
241. 3o 
243.84 
246.38 
248.92 
251.46 
254. 00 
256.54 
259.08 
261.62 
264.16 
266 . 70 
269.24 
271.78 
274.32 
276.85 
279.39 
281.93 
284.47 
287.01 
289.55 
292.09 
294.63 


n.7 
.8 

•9 
12.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

i3.o 


.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 

i4.o 

.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

i5.o 
.1 
•2 
•  3 
.4 
.5 
.6 

.7 
.8 

16.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

.9 
17.0 

.1 
•2 
.3 

.4 


297.17 

299.71 

3o2 . 25 

3o4.7< 

307.8 

309.37 

3i2.4i 

314.95 

317.49 

320. o3 

322.57 

325.11 

327.65 

330.X9 

332.73 

335.27 

337.8 

340.35 

342.  a 
345.4: 

35o.5i 

353.  o5| 

355. 5< 

358.x; 

360.67 

363.21 

365.75 

368.29 

370.83 

373.37 

375.91 

378.45 

38o 

383 

386.07 

388.61 

391.15 

393.61 

396.2; 

398.77 

4oi.3i 

4o3.85 

406.39 

408.93 

411.47 

4x4.oi 

416.55 

419.09 

421. 63| 

4a4.i 

426.71 

429.2" 

43i.T 
434.3 
436. 87I 
439.411 
44x.9< 


X7.5 
.6 

.7 
.8 

18.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
19.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
20.0 
.1 
.2 
.3 
.4 
.5 
.6 

.7 

.8 

•9 
21.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
.0 
.1 
.2 
.3 
.4 
.S 
.6 

.7 
.8 

•9 
.0 

.1 

'9. 


23. 


22 


25. 


27. 


23 


29. 


591. 
594 
596, 
599 
601, 
604, 
607, 
609, 
6X2, 

6i4. 
617, 
619. 
622, 
624. 
627. 
629. 
632. 
634. 
637. 
64o, 
642. 
645. 

647. 
65o. 
652. 
655. 
657. 
660. 
662. 
665. 
668. 
670, 
673. 
675. 
678. 
680. 
683. 
685. 
688. 
690. 
693. 
695. 
698. 
701. 
7o3, 
706. 
708. 

7" 

7x3, 

7x6, 

7x8 

721 

723 

726 

728 

731 

734 

736 


29 


3o 


97  0.02 


X 

.2 
.3 
.4 
.5 
.6 

•7 

.8 

•9 
.0 
.1 
.2 
.3 
.4 
.5 
.6 

.7 
.8 

3.1.0 
.1 

.2 

.3 
.4 
.5 
.6 

•7 
.8 

9 

o 

.1 

•  2 

•  3 
.4 
.5 
.6 

•7 
.8 

9 

o 

X 
2 

3 


39 


33 


739.13 
741.67 
744.21 
746 . 75 
749.29 
751.83 
754.37 
756.91 
759.45 
761.99 
764.53 
767.07 
769.61 
772.x 5 
774.69 
777.23 
779.77 
782.31 
784.85 
787.30 
789.93 
792,47 
795.01 
797.55 

800 . 09 
802. 63 
805.17 
807. 71 
8x0.25 
8x2.79 
8x5.33 
817.87 
820.41 
822.95 
825.49 
828.03 
830.56 

833. 10 
835.64 
838. x8 
840.72 
843.26 
845.80 


Proportional 

rans. 


Lnglifeh 
InoiM. 


MUlim- 
eten. 


0.254 
o.5o8 
0.762 
x.ox6 
X.270 
1.524 
1.778 

2.o32 
9.286 
2.549 


One  English  iDch  eqaals  25.89954  millimetexs. 


^90     Table  XXIL — ^ALTitVBiia^ wits  the  Barometer 


Part  L 
Argument,  the  obsetrved  He!^  iji^^e  Barometer  «t  either  Station. 


Feet.     I   Diff. 


ilpcha«.t     PioC. 


!nclie>.|     Fml     ]  Dtffl 


loOlML        P(M« 


pur. 


o- 


I 
I.I 

I  .2 

1.3 
1.4 

1.5 
1.6 

X.8 
1.9 

3.0 
2.1 
2. a 

2.3 

2.4 

2.5 
2.6 

2.7 

2.8 

2.9 
3.0 

3.1 

3.2 

3.3 
3.4 

3.5 
3.6 
3.7 
3.8 
3.9 

4.0 
4.1 
4.2 
4.3 
4.4 

4.5 
4.6 

4.7 

4.8 

4.9 

5.0 
5.1 

5.2 

5.3 

5.4 

5.5 
5.6 
5.7 
5.8 
5.9 
6.0 


1396*1^9 

i633;3 

1867 

2099.9] 

233o 


2558. 
2784. 
3oo8. 
323i. 
3461. 

3670. 
3887. 

4l02. 

43i5. 
4526. 

47W. 
4944. 
5i5i. 
5556. 
5559. 


5761.4 
5961 .6 
6160.3 
6357.5 
6553.2 


6747 
6940. 
7l3i. 
7321, 
75io. 

7607, 
7883. 
8068. 
825i. 
8433, 


8614.4 
8794.0 
8972.3 
9149.5 
9325.5 

9500 ,3 

9673.8 

9846.2 

10017.5 

10187.7 

I0356.8 

io524.8 

1069X.8 

10857. 

11022.5 

11186.3 


236.4 
234.3 

232.3 
23o.2 


i6.oiii86.^ 


228 

226 

224 

222.4 

220.5 

2i8.6 
216.8 

2l5.0 

2i3.3 
211. 6 

209.8 
208.2 
206.5 
2o5.o 
ao3.3 

201.7 
200.2 
198.7 
197.2 
195.7 

194.3 
192.8 
191-4 

IQO.O 

8.6 

187.3 
186.0 
184.6 
K83.3 
182. 1 

180.8 

179.6 

178.3 

177 

176.0 

174.8 

173.5 

178.4 

171 

170.2 


i07.( 
i65.( 
164. 1 
i63. 


i6.i 

l6»2 

16.3 


i6*4ii83i.5 


i6«5 
i6<6 
i6«7 
16.8 
i6«9 

17.0 
17. 1 
17.2 
17.3 
17.4 


17- 

17.6 

17.7 

17.8 

17.^ 


5^3527.6 

13676.5 

38a4.5 

13971.7 

i4ii8.o 


iS.o 
18.x 
18.2 
18.3 
18.4 

18.5 
18.6 
18.7 
18.8 
18.9 

19.0 
19.1 
19.2 
19. 3 
19.4 

19^5 
19.6 
19.7 
19.8 
19,9 

20.-0 
20.1 
20.2 
20.3 
20.4 

20.5 
20.6 
20.7 

20<8 

20.9 

81.0 


II 349 

ii5io.9 
11671 


11990.3 

12X48.2 

i23o5.i 
I 2461.0 
12616.1 

12770.2 
12923.5 
13075.8 
13227.3 
13377.9 


14863.6 
i44o8.3 
14552.3 
14695.4 
14837.8 

14979 -4 
i5iao.3 

1 5260. 3 
1 5399 . 7 
15538.3 

15676.2 
i58i3.3 
15949.8 
i6o85.5 
16220.5 

16354.8 
16488.5 

16621 .4 
16753.7 
16885.3 

17016.3 
17146.6 
17276.3 
17405.3 
17533.7 

17661.4 
17788.6 
I 7915.1 
i8o4i.o 
18166.3 
18291.0 


6a. 8 
6i. 
60. 
59:8 


58.8 

?7 
56 

55.9 

55 

54 
53 

52 

5i.5 
5o.6 


48. o 
47.2 
46  - 

45.6 

44.7 

44 

43.1 

42.4 

4i.6 
40.9 
4o.o 
39.4 
38.6 

37.9 

37 
36.5 
35.7 
35 


34 

33 

32.9 

32.3 

3i.6 

3i,o 
3o.3 
29.7 
29.0 
28.4 


27.7 
27.2 
26.5 
25.9 
25.3 
24.7 


21.0 
21.1 
21.2 

21.3 

21.4 


10291. 

i84i5. 

18538.7 

x866r.6 

16784.0 


21. 
21.6 

21 

21.8 
81. 9 


5  ti  8905. 8 
19027.0 

147.7 
19267.8 

19387,4 


7191 


01 


28 

22.1 

22.2 

82.3 

28.4 

23.5 
23.6 
22.7 
22.8 
22.9 

23.  0{! 

23.1 

23.8 

83. a| 

83 


43 


95o6«4 
19684*9 
19743.9 
19860.3 
19977.8 

80093.6 
8O809.4 
20384.8 
20439.6 
8o554.o 

20667.8 
80781.1 
80894 .  o 
aioo6.4 
11x8.3 


83 
83 

a3.7 
83.8 
23.9 


52 


68 


I889.7 
i34o.6 
8i45i.i 
8i56i.i 
8x670^6 


84.0 
84.1 
84 

24.S 
84.4 


8x779.7 
2x888.4 
996.6 
88x04.3 

883XX.6 


2  2X 


24.5 
24.6 
24.71 
24  " 
24.9 


823x8.4 
22434.8 
22530.8 
8J22636.4 
23741.5 


85. o 
85.1 

a5.8 
85.3 
85.4 


85.5 
85.6 
35.7 
85.8 
35.9 
a6,o 


23846.3 
23950.6 
33o54.4 
a3x57.9 

3386I.O 

33363.6 
33465.9 
23567.7 
23669.3 
23776.3 
2387X.0 


24 
23.6 
22.9 
22.4 

2x.e 
21.2 
20.7 
20. 

19. 6 

1.1 

8.0 

6.9 

6.4 
5.8 
5.4 
4.8 
4.4 

3.8 
3.3 
2.9 
2.4 
1.9 

1.4 
o. 
o. 
0.0 

09.5 


08.7 

08. 2 

""^  ^« 
07.3 

06.8 
06.4 
06.0 

o5.6 
o5 

o4.8 
04.3 
o3.8 
o3.5 
03.1 

02.6 
02.3 
ox. 8 
01.5 
01.  X 
00.7 


26.0 

26 

26.2 

26 

86.4 


3a4 


86.5 
86.6 

86. 

86.8 
86.9 


37.0 
87.x 
87.8 
37.3 
37.4 


34857.0 
34953.6 
35o4o.8 
a5x49.7 

85341.3 


87 

37 

87.7 
87.8 
87.9 


5  35336.4 


6a543i.3 
35535.7 
35619.9 
357x3.7 


35807.1 

35900.3 

S.I 

5.6 

7 


s8.o 

88.x 

88,3 

38. 

fl8.4k6i77 


3b6< 


s8. 
38.6 

88. 

88.8 
88.9 


89. 
89. 
39. 
39, 
89. 

89. 
89. 
39, 
89, 
39. 


So.o 
3o.x 
3o.8 
3o.3 
3o,4 

3o.5 
3o.6 
30.7 
3o.8 
3o.9 
3|.o 


23971.3 

24071 . 2 
170.7 
34269.8 


34368.6 
24467.0 
565.1 
2466b . 7 
34760.0 


536369.6 

^3636t.i 

7  36458.3 

36548.3 

S6638.7 

36734.0 
X 368x3.0 

36903 . 5 
36998.8 
37081.9 

87170.6 
37359.0 
37347.x 
27434.9 
37538.5 

37609.7 

37696 . 6 
27783.3 
37869.7 
37955.7 

28o4i • 5 
281S7.1 
28218.3 
28297.3 
28388. o 
28^66.4 


100.3 
99. 
99. 
99.x 


98.8 

98.4 

98. 

97.6 

97-3 

97.0 
96.6 
96.2 

95.8 

94.8 
94.5 
94.3 
93.8 

93. 

93. 

92.8 

92.5 

98.x 

91.5 
91.2 

91  .3 
90.9 
90.5 

90.3 

89.3 
89.1 

88.7 
88.4 
88.1 
87.8 
87.6 

87,3 
86.9 
86.7 
86.4 
86.0 

85.8 
85.6 
85.8 
85. o 

84.7 
84.4 
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Part  II. 

Correctioii  dae  to  T-— T,  or  the  DiflSuence  of  the  Temperature»t>f  the  Barometers  at  the  two 

Stations. 


This  eorreeHon 

is  Negative  when  the  temperatar 

e  at  the  upper 

ttation  is  lowest,  and 

vice  versa. 

t— r. 

Corroc- 
tion. 

T-r. 

Covrae- 

ttep. 

h 

Come- 

tlOQ. 

T— T*. 

Conree- 

UOD. 

T-r. 

Correc- 
tion. 

T— T*. 

Correo- 
Uon. 

Paht: 

Feat. 

F«li*t. 

Feat. 

Fan*!. 

F«ec.. 

Faht. 

Feet. 

Fah't. 

Feel. 

Fah't. 

Feet. 

l*» 

2.3 

i4? 

3248 

270 

63.2 

4o° 

93.6 

530 

124.  X 

66^ 

154.5 

3 

'  4.7 

z5 

35.1 

28 

65.5 

4i 

•    96.0 

54 

126.4 

67 

i56.8 

3 

7.0 

16 

37.5 

29 

67.9 

42 

98.3 

55 

128.7 

68 

159.2 

4 

9.4 

17 

39.8 

3o 

70.2 

43 

100.7 

56 

i3i.i 

69 

I6X.5 

5 

•  "-7 

18 

42.1 

3i 

72.6 

44 

io3.o 

57 

133.4 

70 

163.9 

6 

'  r4.o 

19 

44.5 

32 

74.9 
77.3 

45 

io5.3 

58 

135.8 

71 

166.2 

I 

16.4 

ao 

46.8 

33 

46 

107.7 

59 

I38.X 

72 

168.6 

18.7 

21 

49.2 

34 

79.6 

47 

IIO.O 

60 

i4o.4 

73 

'7;-9 

173.3 

9 

21. I 

22 

5i.5 

35 

81.9 
84.3 

48 

112. 4 

61 

142.8 

74 

ID 

23.4 

23 

53.8 

36 

49 

"4. 7 

62 

145. 1 

75 

175.6 

II     * 

25.8 

24 

56.2 

37 

86.6 

5o 

117. 0 

63 

147.5 

76 

X^ 

12 

28.1 

25 

58.5 

38 

89.0 

5i 

II9-4 

64 

149.8 

77 

i3 

3o.4 

26 

60.9 

Ih9 

91.3 

52 

121.7 

65 

l52.2 

78 

182.6 

Part  HI. 

Part 
IV. 

Correction  dne  to  the  Change 
of  Gravity  from  the  Latitude 

Hi 

Part  V. 

of  46''  to  the  Lfttitode  of  the 

Place  of  Obeerration. 

ConectioQ  doe  to  the  Height  of  the 

Positive  from  Lot.  0°  to  46* ; 

1^  cS  ^0 

lower  Station. 

iT- 

NegahDefromLai.4A<*toW'>. 

jjt 

Always  Positive, 

Latttnda. 

BMgbt,  or  Barometer  at  lower  Statkm. 

^ 

00 

100  200 

300 

40O 

450 

CO 

.s 

0 

.s 

.a 

.3 

90O 

8O0 

70O 

6O0 

6O0 

FMt. 

F«et. 

FMt. 

Feec. 

fST" 

?«et. 

FeaC 

F«ec. 

Feet. 

Feet 

Feet. 

Feet 

Feet. 

Feet. 

Feet. 

Feet. 

lOOO 

2.6 

2.5 

2.0 

1.3 

0.5 

0 

2.5 

1.6 

1.3 

I.O 

o.e 

\    0.6 

0.4 

0.5 

1000 

2000 

5.3 

5.0 

4.1 

2.6 

0.9 

0 

5.9 

3.1 

9.5 

9.0 

l.t 

)     1. 1 

0.7 

0.2 

2000 

3ooo 

7-9 
10.6 

7.5 

6.1 

4.0 

1.4 

0 

10.8 

4.7 

3.8 

3.0 

2.: 

I  1.7 

I.I 

o.£ 

3ooo 

4ooo 

10. 0 

8.1 

5.3 

1.8 

0 

6.3 

5.1 

4.0 

3.] 

9.9 

1.4 

0.^ 

4000 

5ooo 

l3.2 

12,4 

10. 1 

6.6 

9.3 

0 

13.7 

7.8 

6.4 

5.0 

3.e 

I     9.8 

1.8 

o.i 

5ooo 

6ooo 

15.9 
18.5 

14.9 

12.9 

7-9 

9.8 

0 

16.7 

9.4 

7.6 

6.0 

4.( 

)    3.3 

9.1 

I.C 

6000 

7000 

8ooo 

17.4 

i4.a 

9*3 

3.2 

0 

19.9 

II.Q 

8.9 

7-1 

5.2 

(    3.9 

9.5 

I.S 

7000 

21.2 

19.9 

16.2 

to. 6 

3.7 

0 

93.1 

12.5 

10.9 

8.1 

6.S 

I   4.4 

9.8 

1.2 

8000 

9000 

23.8 

22. 4 

18.3 

IX. 9 

4.1 

0 

96.4 

i4.i 

11.4 

9.1 

6.^ 

)   5.0 

3.2 

l.t 

9000 

lOOOO 

26.5 

a4.9 

20.3 

I3.2 

4.6 

0 

99.8 
33.3 

15.7 

19.7 

lO.I 

7-': 

J   5.5 

3.5 

i-S 

loooo 

IIOOO^ 

29.1 

27-4 

22.3 

i4.6 

5.1 

0 

17.9 

i4.o 

11. 1 

s.t 

>   6.1 

3.9 

i.£ 

1 1000 

ISOOO 

3i.8 

29.9 

24.4 

15.9 

5.5 

0 

36.9 
40.6 

i8.« 

i5.3 

12. 1 

9.S 

t    6.6 

4.2 

9.C 

X2000 

i3ooo 

34.4 

32.4 

26.4 

17.2 

6.0 

0 

20.4 

16.5 

i3.i 

10. c 

>    7.9 

4.6 

9.S 

i3ooo 

i4ooo 

37,1 

34.9 
37.3 

28.4 

18,5 

6.4 

0 

44.4 

l^} 

17.8 

14. 1 

10.8 

1    7.7 

4.9 

2.3 

1 4000 

iSooo 

39.7 

3o.4 

19. 9 

6.9 

0 

48.3 

19.1 

i5.i 

11.5 

»    8.3 

5.3 

2.5 

i5ooo 

16000 

42.4 

39.8 

3a.5 

21.2 

7-4 

0 

59.3 

95.1 

20.3 

16.1 

12.2 

1    8.8 

5.6 

2.7 

16000 

17000 

d5.o 

4a. 3 

34.5 

29,5 

7.8 

0 

56.4 

96.^ 

21.6 

17.1 

i3.i 

9.4 

6.0 

2.8 

17000 

18000 

47-7 
5o.3 

44.8 

36.5 

23.8 

8.3 

0    1  60.5 

98.9 

22.9 

18. 1 

i3.8 

9.9 
\  X0.5 

6.3 

3.C 

18000 

19000^ 

47.3 

38.6 

95.2 

8.7 

0     64.8 

99.8 

24.1 

19.9 

i4.C 

6.7 

3.9 

19000 

20000 

53.0 

49.8 

4o.6 

26.5 

9.2 

0  1  69.2 

3i.a 

25.4 

20.2 

i5.i| 

[  IX. 0 

7.0 

3.3 

20000 

2X000 

55.6 

52.3 

4a.« 

27.8 

9-7 

0 

73.6    32.9 
78.2    34.5 

26.7 

21.2 

16.1 

II. 6 

7.4 

3.5 

2x000 

2S000 

58.3 

54.8 

44.7 

29.1 

10. 1 

0 

28.0 

22.2 

16.S 

}  12. 1 

7-7 

3.7 

22000 

s3ooo 

60.9 

57.3 

46. •? 

3o.5 

10.6 

0 

82.9    36.C 
87.6    37.C 

29.9 

23.2 

17. -J 

12.7 

8.1 

3.fi 

23ooo 

s4ooo 

63.6 

59.8 

48. 7 

3i.8 

It.O 

0 

3o.5 

24.9 

18. S 

l3.2 

8.4 

4.0 

24000 

a5ooo 

66.2 

6a. 2 

5o,^ 

33.1 

II. 5 

0 

92.5    39.1 

3i.8 

95.9 

19.9 

i3.8 

8.8 

4.1 

25ooo 
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Pvtfl 

ofthe 

Unit 

of 

Baaad^a  CkwffldenU  Ibr 

Pana 
oTtha 

fTnIt 

Baaael*a  Coaffleienia  Ibr 

MDur.  1  sdDur. 

4UlDiff. 

suiDiiT. 

UDur. 

IdDUr. 

4ciiDiir. 

SthDif 

t.t-i 

t-t—l.t—k 

!...£—« 

t..t-k 

unu 
of 

t.t—i 

I.«— I.I— ♦ 

t...t-t. 

<...<— 1 

Time. 

3  • 

"T  T 

4  • 

5 

rima. 

1  * 

1   s  • 

4 

s 

-. 

O.OI 

— ».oo495 

.oootii 

.ooo>53 

— .00006 

o.5i 

—  .12495 
.12480 

—  .00042 

.otiMS 

.oooo5 

.02 

.00980 

.00167 

.00x65 

.00016 

.6s 

.00083 

.o234o 

.00009  1 

.o3 

.01455 

.00228 

.00846 

.00023 

.63 

.12455 

.00x26 

.02334 

.000x4 

.04 

.01920 
.02375 

. 00294 
.oo356 

.00326 

.ooo3o 

.64 

.12420 

•00166 

.02327 

.000x9 

.o5 

.oo4o5 

.ooo36 

.65 

.12376 

•OO806 

.023x8 

.00023  , 

.06 

.02820 

.oo4i4 

.00483 

.00043 

.56 

.X2320 

•00246 

.023o6 

1 
•ooosS  1 

.07 

.o3255 

.00467 

.00660 

.00048 

.57 

.12255 

.00286 

.02293 

.ooo33  1 

.08 

.o368o 

.oo5i5 

•oo636 

.ooo53 

.58 

.X2l8o 

•oo325 

.02278 

.0O036  1 

.09 

.04095 

.oo56o 

.00711 

.00068 

.59 

.X2095 

.00363 

.02260 

.ooo4x 

.10 

.o45oo 

.00600 

.00784 

.00063 

.60 

.12000 

.oo4oo 

.02240 

.00046  1 

1 

.11 

.04895 
.05280 

.oo636 

.00866 

.00067 

.6x 

.XX895 
.11780 

.00436 

.02218 

1 
.00049 

•  12 

.00669 

.00927 

.00070 

.62 

.00471 

.02x94 

.ooo53 

.i3 

.05655 

.00697 

.00996 

.00074 

.63 

.11655 

.oo6o5 

.02x69 

.00066 

.i4 

.06020 

.00723 

.01064 

.00077 

.64 

.1x620 

.oo538 

.o2i4i 

.00060  ' 

.i5 

.06375 

.00744 

.oii3o 

.00079 

.65 

.1x376 

.00669 

.02HI 

.00063 

.16 

.06720 

.00762 

.01x96 
.01259 

.00081 

.66 

.11220 

•00698 

.02080 

.00067  i 

•17 

.07055 

.00776 

.00083 

.67 

.xxo55 

•00626 

.o2o46 

.00070  ! 

.18 

.07380 

.00787 

.0X321 

.00085 

.68 

.10880 

.00663 

.020x0 

.00072  ! 

.19 

.07695 

. 00796 

.oi38i 

•00086 

.69 

.X0695 

.00677 

.0x973 
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.20 

.08000 

.00800 

.ox44o 
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.70 
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.00700 

.0x934 

.00077  1 

.21 

.08295 
.o858o 

.00802 

.01497 
.oi553 

.00087 

•71 

.10296 
.10080 

•00721 

.01893 
.0x860 

•00080 

.22 

.00801 

.00087 

.72 

•00739 

.OOO^I 

.23 

.08855 

.00797 

.01606 

.00087 

.73 

.09866 

•00766 

.oi8o5 

.00083  ! 

.34 

.09120 

.00700 
.00781 

.01668 

.00086 

•74 

.09620 

.00770 

.0x768 

.0008^  i 

.25 

.09375 

.01709 

.00086 

.75 

.09375 

•00781 

.0x709 

.00085  I 

.26 
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.00770 

.01768 

.00084 

.76 

•09120 

.08855 

•00790 

.0x658 
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.00086 

.27 

.09855 
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•77 

.00797 
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.28 

.10080 

.00739 

.ox65o 
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.78 
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•00080 

•79 
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.38 
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.88 
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.89 
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.oo636 
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.00053 
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•12320 
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.02820 
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.02094 
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•01719 

.0x348 
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.05765 

.03488 

.02386 
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.61 

.xi8o5 
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.03022 
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.06020 

.02288 
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.38 
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.04895 
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.00594 

.40 

.12000 
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.90 

.o45oo 

.ox65o 

.00537 

.41 
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.o4i5x 

.02980 

.91 
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.00777 

.00480 

.42 
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.o4i38 
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.92 
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.43 
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.02866 

.96 

.01920 

.00666 
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.12455 
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.01455 
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.00x54 

.48 

.12480 
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.03984 
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.98 
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Logarithms  of  the  Coefficients  for  hUerpolaiim  hy 

BcMseTs  Formula. 

Argumeot  for 
T<»12hoiira. 
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h.    m, 
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X 
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_^ 

_^ 

5 

7.8416375 

7.53758n 

6.75336 

6.7609a 
7.o6o38 

5.76485n 

10 

8.1426675 

7.83556n 

7.o45ia 

6.o48i4» 

i5 

8.3187588 

8.oo859n 
8.i3o43ii 

7.31195 

7-33484 

6.2i636n 

20 

8.4436975 

7.32746 

7.35811 

6.33338n 

25 

8.5406075 

8.2a4a3ii 

7.4i482r 

7.45330 

6.433o4n 

3o 

8.6197888   ' 

8.3oo28n 

7.48434 

7.53071 

6.4939311 
6.66x42n 

35 

8.6867355 

8.364o6n 

7.54i4sr 

7.66197 

4o 

8.7447275 

8. 4188711 

7.68957 

6.6008291 

45 

8.7958800 

8.4668211 

7.63o68 

7.70121 

6.6433391 

5o 

8.8416375 

8.5o935n 

7.66626 

7.74601 

6.6800791 

55 

8.8d3o3oa 

8.54749» 

7.69734 

7.78439 

6.7133991 

I      o 

8.9308188 

8.582oon 

7.72467 

7.8aoi3 

6.7409691 

5 

8.9555809 
8.9877655 

8.6i346n 

7.74883 

7.86379 

6.7663191 

lO 

8.64232n 

7.77026 

7.88282 

6.7889191 

i5 

9.0177288 

8.6689371 
8.69358n 

7.78932- 

7.91068 

6.8091391 

20 

9.0457575 

7.80628- 

7.93636 

6. 8373 m 

25 

9.0720864 

8.7i65on 

7.82138- 

7.96039 

6.8434391 

3o 

9.0969100 

8.7378911 

7.8348<y 

7.98286 

6.85792» 

35 

9.1203911 

8.7579111 

7.84670 

8.00394 

6.8708991 

4o 

9.1436675 

8.7767011 

7.86722 

8.02377 

6.88344n 

45 

9.1638568 

8.7943711 

7.86646 

8.04246. 

6.8937091 

5o 

9.1840602 

8.8iio3n 

7.87451 

8.06011 

6.9017611 

55 

9.2033653 

8.8267611 

7.88147 

8.07681 

6.9096811 

2      O 

9.2218487 

8.84i64ii 

7.88739 
7.89235 

8.09264 

6.9166691 

5 

9.2395775 

8.85573n 

8.10766 

6.9324311 

10 

9.2566x09 
9.2730013 

8.869x0?! 

7.89637 

8.12194 
8.13663 

6.9273711 

i5 

8.8817911 

7.89962 

6.9314111 

20 

9.2887955 

8.89386» 

7.90183 

8.14846 

6.9345811 

25 

9.3o4o355 

8.9053411 

7.90333 

8.16078 

6.9369211 

3o 

9.3187588 

8.9162711 

7.90404' 

8.17253 

6.9384511 

35 

9.3329092 
9.3467875 

8.9266911 

7.90399 

8.18376 

6.9392011 

4o 

8.9366111 

7.90319 

8.19446 

6.9301911 
6.9384211 

45 

9.36oi5i4 

8.9460811 

7.90166 

8.20469 
8.2x446 

5o 

9.3731164 

8.9551211 

6.9369211 

55 

9.3857055 

8.9637411 

7189646 

8.33381 

6.9346811 

3     o 

9.3970400 
9.4098392 

8.9719711 

7-80379 
7.88841 

8.33374 

6.9317111 

5 

8.97983© 

8.34x38 

6.9280111 

lO 

9.4ai4aii 

8.9873311 
8.9945011 

7.88333    ' 

8.34944 

6.9335911 

i5 

9.4327021 

7.87763 

8.36734 

6.9184211 

20 

9.4436975 

9.ooi34fi 

7.87100 

8.36470 

6.9126211 

25 

9.4544314 

9^0078711 

7.86374 

8.27183 

6.9068611 

3o 

9.4648868 

9.oi4o9» 

7.86673 

8.37864 

6. 8984311 

35 

9.4751060 

9.02oo3n 

7.84696 

8.385i4 

6.8902011 

4o 

9.485090a 
9.4948600 

9.02^7011 

7.83737 

8.39134 

6.8811611 

45 

9.03x0911 
9.o3$23n 

7.82697 

8.29726- 

6.8713911 

5o 

9.5043953 

7.81673 

8.30289 
8.30826 

6.86o53n 

55 

9.5137354 

9.o4fiiA 

7.80367 

6.8488711 

4    o 

9.5228787 

.9.0457611 

7.79048 

8.3i336 

6. 8303411. 
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UgmUkm  i/.<te  Ctitlkimf^  intmpoUitkm  ky  BetuTs  PmmuUi, 

AifOBMitlbr 

T-tlt  IMMB*. 

I^ogMrtthnw  oTtbe  CoefllcieDU  for                                         1 

Flnt  DUfereMei. 

SeeoodDUiBi^ 
mom. 

TliiitlDUIte^ 

•DOM. 

Fourth  Diflto- 
enoM. 

Fifth  DiAr- 
encet. 

h.    m. 

4  .6 

9^5228787 

9.04576^ 

7 •79048 

8.3i336 

6.83624* 

.      5 

9^53i8336 

9.o5oi6n 

7.77641 

8.31821 

6.8226in 

(       lO 

9.5406075 

9.0543411 

7.76x28 

8.32282 

6.8o79in 

i5 

9.5492077 

9.o583ofi 

7.74503 

8.32718 

6.7920611 

.    ao  . 

9,5576409 

9.o62o4n 

7.72758 

8.33i3o 

6.7750011 

.     «5. 

9.5659134 

9.0655611 

7.70883 

8.33519 

6.7566x11 

So 

9.5740^13 

9.o6888n 

7.68867 

8.33886 

6.7368011 

35 

9.5820002 

9.0720011 

7.66696 
7.64355 

8.34230 

6.7154211 

4o 

9.5898255 

9.0749211 

8.34553 

6.6923211 
6.6673011 

.45 

9*5975124 

9.0776411 

7.61825 

8.34854 

5o 

9.6o5o655 

9.o8ox7fi 

7.59082 

8.35i34 

6.64oi4» 

55. 

9.6104895 

9.o8252fi 

7.56098 

8.35394 

6.6xo55ii 

5    o 

9*6197887 

9.o8468n 

7.52837 

8.35633 

6.578x811 

5. 

9^6269674 

9.o8665n 

7.4Q256 

8.35853 

6.5425911 

lO 

9,6340292 

9.o8845n 

8.36o52 

6.5o3i9n 

i5 

9.6405781 
9,6478175 

9.09007n 

8.36232 

6.4592311 

20. 

9.09x5211 

7.359x2 

8.36392 
8.36533 

6.40968* 
6.3531011 

25 

9.6545509 

9.09279n 

7.30240  ) 

3o 

9«66ix$z4 

9.09388n 

7.23655 

8.36655 

6.2873711 

35 

9*6677123 

9.0948xn 

7.i583o 

8.36758 

6.2092211 
6.ii3i5n 

4o 

9.6741464 

9.0955711 

7.06214 

8.36842 

45 

9.6604866 

9.096i6n 

6.93779 

8.36907 

5.9888611 

5o 

9.6867355 

9.09657A 

6.762x2 

8.36954 

5.8i324n 

55 

9.6928959. 

y     9.0968311 

6.46x34 

.  8.36982 

5.5x249* 

6    o 

9.6989700 

9.0969X11 

8.3699X 
8.36982 

— oc 

5 

9,7108602 

9.0968311 

6.46x34n 

5.51249 

10 

9.09657n 

6.762x211 

8.36954 

5.8i324 

i5 

9.096x611 

6. 9377911 

8.36907 

5.98886 

20 

9*7224511 

9.0955711 

7.062141I 

8.36842 

6.ii3i5 

a5 

9.7281282 

9.0948111 

7.i583oji 

.  8.36758 

6 . 20922 

3o 

9.7337321 

9.09388*1 

7. 2365511 

8.36655 

6.28737 

35 

9.7392W6 

9.0927911 

7.3o24on 

8.36533 

6.35310 

4o 

9.7447*75 

9.09i52n 

7.359x211 
7.4od83n 

8.36392 
8.36232 

6.40968 

45    . 

9.7501925 

9.0900711 

9.o8845n 

6.45923 

5o 

9.7554514 

?:» 

8.36o52 

6.5o3i9 

.     55 

9#76o7i56 

9«o8665fi 

.  8.35853 

6.54259 

7    ? 

947^59167 

9.0846811 

7.52837* 

8.35633 

6.57818 

5 

9.7710564 

9.o8252fi 

7.560981^ 
7.590821I 

8.35394 

6.61055 

10 

9.7761360 

9.o8ox7n 

8.35i34 

6.64oi4 

i5 

9.78x1568 

9.07764* 

7.6x825fi 

8.34854 

6.66730 

20. 

9.7861202 

^.07499* 

7.64355H 

8.34653 

6.69232 

aj. 

9*7910275; 

9;  0730011 

7.6669611 

8.34230 

6.71542 

3o. 

9.7958800 : 

9.0688811 

7.68867* 

8.33886 

6.73680 

35 

9.8006789 
9.8054253 

9.o6556« 

7.7088311 

8.33519 

6.75661 

4o 

9.0620411 

7.72758* 

8.33i3o 

6.77500 

45 

9»8ioi2o5, 

9.o583on 

7.74503* 

8.32718 

6 . 79206 

5o 

9.8x47654 

.9.o5434» 

7.76x28* 

8.32282 

6.80791 
6.92261 

55 

9.8193611 

^•o5ox6n 

7.77641* 

8.3x82^ 

8    0, 

9.8239087 

9.o4576« 

7.79048* 

8.3x336 

6.83624 
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Tablb  XXIV. 


Logarithmt  of  th$  Coeffieients  for  Inierpotaiion  hy 

BuMd'i  Formula. 

Argnmeat  for 
T- 18  Hours. 

Lbguithms  oTthe  Coefficients  Ibr 

First  DiflUreDO-ss. 

1  Second  Difler- 
1         enoes. 

Third  Differ- 
ences. 

FottithDUBv^ 

FUUiDUbr. 

h,    m. 

8     o 

9.8239087 

9.o4576n 

7.79o48n 

8.3x336 

6.836a4 

5 

9.828409a 
9. 8328636 

9.o4xxin 

7.8o357n 

8.30826 

6.84887 

lO 

9.o3623n 

7.8x572n 

8.30289 
8.29725 

6.86053 

i5 

9.8372727 

9.o3xo9n 

7.8269711 

6.87x29 

ao 

9.8416375 

9.0257011 

7.8373711 

8.29x34 

6,881x6 

a5 

9.8459589 

9.o2oo3n 

7.84695n 

8.285x4 

6.89020 

3o 

9.8502377 

9.0x40911 

7.85573n 

8.27864 

6.89843 

35 

9.8544747 

9.oo787n 

7.86374n 

8.27x83 

6.90586 

4o 

9.8586709 

9.oox34n 
8.9945on 

7.87Xoon 

8.26470 

6.9x252 

45 

9.8628268 

7.87753n 

8.25724 

6.9x843 

5o 

9.8669434 

8.98733n 

7.88333n 

8.24944 

6.93359 

55 

9.8710213 

8.97983n 

7.8884in 

8.a4ia8 

^6.93801 

9    o 

9.8750613 

8.97X97n 

7.8927911 

8.a3a74 

6.93X7X 

5 

9.8790640 

8.96374n 

7.89646n 

8.aa38i 

6.93468 

lO 

9.883o3o2 

8.956i2n 

7.8994an 

8.2x446 

6.93692 

i5 

9.8860605 
9.8908555 

8.946o8n 

7.90x66n 

8.20469 

6.93842 

20 

8.9366xn 

7.9o3x9n 

8.X9446 
8.18375 

6.939x9 

25 

9.8947160 

8.9a669n 

7.9o399» 

6.93920 

3o 

9.8985424 

8.9x6a7n 

7.9o4o4n 

8.17253 

6.93845 

35 

9.9023354 

8.9o534n 
8.89386n 
8.88x79n 

7.9o333n 

8.16078 

6.93692 
6.93458 

4o 

9.9060955 

7.90x83n 

8.14846 

45 

9.9098234 
9.9x35195 

7.8995211 

8.x 3553 

6.93i4x 

5o 

8,869x011 
8.85573n 

7.8963711 

8.iax94 
8.10766 

6.92737 

55 

9.9171845 

7.89235n 

6.92243 

lO     o 

9.9208x87 

8.84i64n 

7.8873911 

8.09364 

6.9x655 

5 

9.9a44aa9 

9 •9379973 
9.93x54a6 

8.8a676n 

7.88x47n 

8.07681 

6.90968 

lO 

8.8xio3n 

7.8745xn 

6.06011 

6.90x75 

i5 

8.79437n 

7.86646n 

8.o4a46 

6.89270 

ao 

9.935059a 

8.7767on 

7.8572211 

8.09377 

6.88244 

a5 

9.9385475 

8.7579xn 

7.8467on 

8.00394 

6.87089 

3o 

9.94aoo8o 

8.73789n 

7.8348on 

7.98286 

6.85792 

35 

9.945441a 

8.7x65on 

7.8ai38n 

7.96039 

6.8434a 

4o 

9.9488475 

8.6935811 

7.8o628n 

7.93636 

6.82721 

45 

9.952227a 

8.66893n 
8.64a32n 
8.6i346n 

7.78932n 

7.9x058 
7.68a8a 
7.85a79 

6.800x2 
6.7889X 
6.76631 

5o 
55 

9.9555809 
9.9589088 

7 . 77oa6n 
7.74883« 

IZ     o 

9.9622x15 

8.582oon 

7.78467« 

7.8aox3 

6.74095 
6.71239 

5 

9.965489a 

8.54749« 

7.69734n 

7.78439 

lO 

9.9687433 

8.5o935n 

7.66626n 

7.74501 

6.68007 

i5 

9.97x9713 

8.46682n 

7.63o68n 

7.70x31 

6.64322 

ao 

9.975x764 

8.4188711 

7.5895711 

7.65x97 
7.59564 

6.60082 

25 

9.9783581 

8.364o6n 

7.54i49n 

6.55x43 

3o 

9. 98x5x66 

8.3oo28n 

7.48434n 

7. 5307 X 

6.49393 

35 

9.9846523 

6.22423n 

7.4i482n 

7.45330 

6.48204 

4o 

9.9877655 

8.x3o43n 

7.32746n 

7.358x1 

6.33328 

45 

9.9908566 

8.oo859n 

7.2XX95n 

7.33484 

6.2x636 

5o 

9.9939258 

7.83556n 

7.o45i8n 

7.o6o38 

6.o48x4 

55 

9.9969736 

7.53758n 

6.75336n 

6.76093 

5.75485 

12       O 

0.0000000 

—X 

— 00 

--0C 

— 00 
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To  compare  the  CenUtinud  ThermomeUr  with  FahrenheiCs. 


CentM. 

Faiiraiiheit. 

Cent. 

FahranlieU. 

C«nt. 

Fahrenheit. 

Com. 

,Fahrenh*t. 

Cent.  |Fahn:rih*t. 

1 

-0 
+-XOO 

e 
-I-2X2.0 

0 
+71 

+  X59.8 
i58.o 

0 
+42 

0 
+  107.6 

+  1*3 

+55^.4 

0 
—  x6 

0 

+    3.2 

51 

2x0. a 

70 

4x 

105.8 

X2 

53.6 

—  X7 

+  1.4 

208.4 

69 

i56.2 

4o 

104.0 

XX 

5i.8 

—  18 

-  0.4 

97 

206.6 

68 

154.4 

39 

102.2 

ZO 

5o.o 

-X9 

—  2.2 

96 

204.8 

67 

x52.6 

38 

100.4 

9 

•  48.2 

—20 

-  4.0 

95 

2o3.o 

66 

i5o.8 

37 

98.6 

8 

46.4 

—21 

—  5.8 

94 

201.2 

65 

149.0 

36 

96.8 

7 

44.6 

—22 

-  7.6 

93 

199-4 
197.6 
X95.8 

64 
63 
62 

147.2 
145.4 
143.6 

35 
34 
33 

95.0 
93.2 
91.4 

6 
5 
4 

42.8 
4i.o 
39.2 

-23 

-24 

—25 

-  9.4 

Farts. 

92 

—  1 1 .2 

—  i3.o 

C.  1  Faht. 

9' 

0 

0 

194.0 

6x 

x4i.8 

32 

89.6 

3 

37.4 

—26 

— 14.8 

o.i 

o.x8 

X92.2 

60 

i4o.o 

3i 

87.8 

2 

35.6 

-27 

— x6.6 

0.2 

0.36 

100.4 
188.6 

^ 

X38.2 

3o 

86.0 

+  1 

33.8 

—28 

—18.4 

0.3 

0.54 

87 

x36.4 

2 

84.2 

0 

32. 0 

-29 

— 20.2 

0.4 

0.7a 
0.90 
X.08 

86 

186.8 

57 

134.6 

82.4 

—  1 

30.2 

-3o 

—22.0 

0.5 

85 

i85.o 

56 

i32.8 

27 

80.6 

—  2 

28.4 

-3i 

—23.8 

0.6 

84 

i83.2 

55 

i3x.o 

26 

78.8 

-  3 

26.6 

-32 

—25.6 

0.7 
0.8 

X.26 

83 

x8x.4 

54 

129.2 

25 

77.0 

-  4 

24.8 

—33 

—27.4 

1.44 

82 

179.6 

53 

127.4 

24 

75.2 

—  5 

23. 0 

-34 

— 29.2 

0.9 

I.O 

Z.62 

81 

X77.8 

52 

125.6 

23 

73.4 

—  6 

2X.2 

—35 

— 3i.o 

1.80 

80 

176.0 

5x 

123.8 

22 

71.6 

—  7 

19.4 

-36 

—32.8 

',1 

174.2 

5o 

122.0 

2X 

69.8 
68.0 

-  8 

X7.6 

-37 

—  34.6 

172.4 

49 

120.2 

20 

—  9 

x5.8 

-38 

-36.4 

77 

X70.6 

48 

118.4 

\l 

66.2 

— xo 

14.0 

-39 

—38.2 

76 

X68.8 

47 

116.6 

64.4 

—  XX 

12.2 

-40 

— 4o.o 

75 

167.0 

46 

xx4.8 

17 

62.6 

—  12 

X0.4 

~4i 

— 4x.8 

74 

165.2 

45 

1x3.0 

x6 

60.8 

-i3 

8.6 

-42 

—43.6 

73 

i63.4 

44 

III. 2 

x5 

59.0 

-i4 

.  6.8 

-43 

-45.4 

+  7a 

+161. 6 

+43 

+109.4 

+i4 

+  57.2 

-x5 

+  5.0 

-44 

—47.2 

«°  Cente^iiiwl=(32''  +  ei°)  Fihrenheit. 
o 

Table  XXVI. 

To  eompare  Reaumur't  Thermomtler  tritk  FahrenhMt. 


a«mm. 

Fahrenheit. 

R'm'r. 

Fahrenheit. 

R'mT. 

Fahrenheit. 

R»mV. 

Fahrenh*t. 

BInY. 

Fahranh*t. 

+  80 

0 
+212.0 

+  57 

0 
+  160.25 

+34 

0 
+  X08.5 

0 

+11 

+56%5 

— 12 

0 
+  5.0 

?? 

209 . 75 

56 

i58.o 

33 

xo6.a5 

10 

54.5 

— 13 

+  2.75 

207.5 

55 

155.75 

32 

io4.o 

9 

52.25 

-i4 

+  0.5 

77 

2o5.25 

54 

i53.5 

3x 

XOX.75 

8 

5o.o 

-i5 

-   1.75 

1 

2o3.o 

53 

52 

i5x.25 

3o 

99.5 
97.25 

I 

47.75 
45.5 

-16 

—  4.0 

—  6.25 

—  8.5 

Pnmortional 

^5 

200.75 

149.0 

""t 

z\i 

R.  1  Faht. 

74 

X98.5 

5x 

X46.75 

28 

95.0 

5 

43.25 

0 

0 

'73 

196.25 

5o 

144.5 

27 

92.75 

4 

4i.o 

-19 

— 10.75 

0.1 

0.225 

72 

194. Q 

ji 

142.25 

26 

88  [25 

3 

38.75 

—20 

—  x3.o 

0.2 

0,45 

71 

;i;:r 

i4o.o 

25 

2 

36.5 

—21 

— x5.25 

0.3 

0.675 

70 

47 

137.75 

24 

86.0 

+  1 

34.25 

—  22 

-17.5 

0.4 

O.QO 

68 

187.25 

46 

X35.5 

23 

83.75 

0 

32. 0 

—23 

—19.75 

0.5 

X.i25 

I85.0 

45 

133.25 

22 

8x.5 

—  I 

29  ."75 

-24 

— 22.0 

0.6 

X.35 

67 

182.75 

44 

i3i.o 

2X 

79.25 

—  a 

27.5 

-25 

—24.25 

0.7 

X.575 

66 

180.5 

43 

128.75 

20 

77.0 

—  3 

25.25 

-26 

—26.5  . 

0.8 

X.80 

65 

178.25 

4a 

126.5 

\t 

74.75 

-  4 

23.0 

-27 

—28.75 

0.9 

2.025 

64 

X76.0 

41 

124.25 

72.5 

-  5 

20.75 

—28 

-3x.o 

i.o 

8.a5 

63 

173.75 

40 

122. 0 

17 

70.25 

—  6 

18.5 

—29 

-33.25 

62 

17I-.5 

S 

119.75 

16 

68.0 

—  7 

x6.25 

-3o 

—35.5. 

6x 

169.25 

1X7.5 

i5 

65.75 

—  8 

14.0 

— 3i 

-37.75 

60 

167.0 

37 

1X5.25 

i4 

63.5 

—  9 

11.75 

—32 

— 4o.o 

+  58 

164.75 

36 

1x3. 0 

i3 

6X.25 

— xo 

9.5 

—33 

—42.25 

+  162. 5 

+35 

+1x0.75 

+  12 

+  59.0 

—II 

+  7.a5 

-34 

-44.5 

1 

*  Reau]nar=(38f'+7X'^)  Fahrenheit. 
4 
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TablkiXXYIL 


HeigJU  of  BartumeUr  eorrespmidiag  «o  TempemHirs  of  - 


Fah'i 
Degreea. 


En|Uflli 
Inciios. 


Dlff. 


Fikht 
Degfeea. 


Bn^ialL 
Ibciim. 


DUE 


Faht 
Deyrees. 


Bacltob 
Inehw. 


Dlff. 


FaHn 
Dcgfpo. 


Dtfl 


i85.o 
.1 

.2 

.3 
.4 
.5 
.6 

•7 
*8 

•9 
186.0. 


•  a 

•  3 
.4 

•  5 
t6 

•7 
.8 

o  -^ 
187.0 

.1 

•  a 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
188.0 

.1 
.2 
.3 
.4 
.5 
.6 

:7 
.8 

189.0 

•  I 

«2 

.3 
.4 
.5 
.6 

47 
,8 

•9 
X90«o 

.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 


17.049 
.086 

.123 

.161 
.198 
.236 
.273 
.3io 
.348 
.386 
.4a4 
1462 
fSoo 

•  538 
,576 
:6i5 
.653 

•  69 
i73o 
.768 

•  807 
.846 
.884 
•923 

•  962 
18,001 

.o4o 
.079 
.118 
.i58 
.197 
.236 

•  276 
.3x5 
,355 
.395 
.434 
.474 
.5x4 
.554 
.594 
.634 
.674 
.714 
.755 
.795 
.835 
.876 
.9x7 
.957 
.998 

Z9.039 

•  080 

•  I2X 
.162 

•  2o3 

.244 

.285 
.326 


037 

037 

o38 

037 

o38 

037 

037 

o38 

o38 

o38 

o38 

o38 

o38 

o38 

039 

o38 

o38 

039 

o38 

039 

039 

o38 

039 

039 

039 

039 

039 

039 

o4o 

039 

039 

o4o 

039 

o4o 

o4o 

039 

o4q 

o4o 

o4o 

o4o 

o4o 

o4o 

o4o 

o4Jf 

o4dk 

o4o 

o4i 

04 1 

o4o 

o4x 

04 1 

o4i 

o4i 

o4i 

o4i 

o4x 

o4i 

o4i 


190.8 

•9 

191 .0 

.1 

•  2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
192.0 

.X 

•a 

•  3 
.4 
.5 
.6 

•7 
.8 

193.0 
.1 
.a 
.3 
.4 
.5 
.6 

•t 
.8 

194-0 
.1 

<2 

,3 
.4 
,5 
.6 

-7 
.8 

ig5.Q 
«i 
•a 
.3 
.4 
•5 
.6 

•7 
,8 

.'^ 
196.0 

•  I 

•  2 

.3 

.5 
.6 


X9.326 
.368 
.409 
.45o 
•49a 
.534 
.575 
.6x7 
.659 
.701 
.743 
.785 
.827 
.869 
.9x2 
.954 
.996 

ao.039 
.08a 
.xa4 
.X67 
.3x0 
.a53 
.396 
.339 
.383 
.4a6 
.469 

.5X3 

.556 

:& 

.687 
.731 
.775 
.819 

.863 
.907 
.95X 
.996 
ai.o4o 
.084 
•  xa9 
.174 

.3X8 

.a63 
.3o8 
.353 
.398 
.443 
.488 
.533 
.578 
.633 
.669 
.7^4 
.760 
.806 
.85x 


.043 
.o4i 
.o4i 
.042 
.042 
.o4i 
.042 
.042 
.043 
.042 
.042 
.042 
.042 
.043 
.042 
.042 
.043 
.043 
.042 
.043 
.043 
.043 
.043 
.043 
.043 
.044 
.043 
.043 
.044 
.043 
.044 
.044 
.044 
.044 
.044 
.044 
.044 
.044 
.045 
.044 
.644 
.045 
.045 
.044 
.045 
.045 
.045 
.045 
.045 
.045 
.045 
.045 
.045 
.o46 
.045 
.o46 
.046 
.045 


196.6 

•7 
.8 

•9 
197.0 

.X 

.2 
.3 
.4 
.5 
.6 

•7 
.8 

X98.0 
.1 
.2 
.3 


.4 
.5 
.6 

•7 
.8 

•9 
199.0 

«x 
.2 
.3 
.4 
.  .5 
.6 

•7 

.8 

•9 

300.0 
.1 
.2 

.3 

.4 

.5 
.6 

•7 
.8 

•9 
aox.o 

.X 

.2 
.3 
.4 
.5 
;    .6 

•7 

.8 

•9 
aoa.o 
.1 
.3 
.3 
.4 


3x.85x 
897 
943 

969 
aa.o35 
.081 
.xa8 
.174 

.33X 
.367 

.3x4 

.361 
.407 

.454 

.5ox 
.548 
.595 
.643 
.689 
.736 
.7«4 
.83x 
.879 
.926 
•974 

33.033 
.070 

.1x8 
.x66 
•0x4 
.363 
.3xx 
.359 

.407 
.456 
.5o5 
.553 
.603 

.e5x 
.700 

•749 

.798 

.847 
.897 
946 
996 
34.045 
.095 
.x45 
.195 
.345 
.395 
.345 
.395 
.445 
.495 
.546 
.596 
.647 


o46 
046 
046 
o46 
o46 
047 
o46 

047 
o46 

047 
047 
o46 

047 
047 

047 
047 
047 
047 
047 
o48 
047 
o48 
047 
o48 
o48 
o48 
o48 
o48 
o4^ 
o48 
049 
o48 
o48 
049 
049 
049 
049 
049 
o4v 
049 
049 
049 
o5o 
049 
o5o 
049 
o5o 
o5o 
o5o 
o5o 
o5o 
o5o 
o5o 
o5o 
o5b 
o5i 
o5o 
p5x 


ao3.4 
.5 
.6 


•7 

.8 

ao3.o 

.X 

.3 

.3 
.4 
.5 
.6 

•7 

.8 

ao4-o 
•  x 

.3 

.3 
.4 
.5 
.6 

•7 

.8 

ao5.o 
.1 
.3 
.3 
.4 
.5 
.6 

•7 
.8 

..•^ 
aop.o 

•  .1 
.2 
.3 

.  .4 

.5 
.6 
•7 

•8 

•9 

307.0 

.1 

.3 

.3 
.4 
.5 


•7 
.8 

•9 

30640 

.X 


24*647 
697 

748 

IP 
85oi 


a5 


86 


«7 


90X 
95s 
oo3 
o55 
X06 
i58 
axo 
a6i 
3x3 
365 

417 
469 

53  X 

573 
626 

678 

73o 
783 
836 
888 
941 
994 
047 
100 
x53 
ao6 
359 
3x3 
366 

430 

473 

537 
58  X 
635 
689 
743 

797 
65a 
906 
961 
ox  5 
070 
xa5 
x8o 
335 
390 
345 
4oo 
456 
5ix 
566 
622 
678 
733 


.o5o 
.o5i 
.o5i 
.o5i 
.o5i 
.o5x 
.o5i 
.o5a 
.o5x 
.o5a 
.o53 
.o5i 
.o53 
.o53 
.o52 
.o53 
.o53 
.o5a 
.o53 
.o53 
.o5a 
.o53 
.053 
.o58 
.o53 
.o53 
.o53 
.o53 
.o53 
.o53 
.o53 
.o54 
.o5^ 
.o54 
.o53 
.o54 
.o54 
.o54 
.o54 
.o54 
.o54 
.055 
.054 
.o55 
.054 
.o55 
.055 
.o55 
.o55 
.o55 
.o55 
.055 
.056 
.o55 
.o55 
.o56 
.o56 
.o55 


BoiUng  Water, 


Fali*t  lEn^lali 
Defreog.[  Indies. 


ao8.2 
.3 

4 

.51 


209.0 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
aio.o 

.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 

•9 
211. o 
.1 


.3 
.4 
.5 
.6 

•7 
.8 

•9 

27.2.0 
.Z 
.2 
.3 
.4 

.5 
.6 

•7 
.8 

ai3.o 
.1 
.2 
.3 
.4 
.5 
.6 

•7 
.8 


•9 
9i4*o 


27.733 
.78. 
.84 
.901 

28.013 

•  069 

•  12 
.182 
.23 
.29 

.352 
.409 
.466 
.523 
.58o 
.637 
.695 

•  752 
.,810 
.867 
.925 
.983 

29.041 
.099 
.157 

•  2l5 

►274 

.332 
.391 


Dur. 


.5oi 
•  567 
.626 
.685 
.744 
.8o3 
.863 
.,922 
.982 
3o.o4i 

.101 

.z6i 
•221 

.281 
.341 
•4oi 
.462 

.522 

.583 
.644 
.704 
.765 
.826 
•887 
.948 
3i.oo9 
.071 

.l32 


o56 
o56 
o56 
o56 
o56 
o56 
057 
o56 
057 
o56 
057 
057 
057 
057 
057 
057 
668 
©57 
o58 
057 
o58 
o58 
o58 
o58 
o5d 

<^5a| 

6S< 
65\ 

o5( 

o5l 

059 

059 

069 

069 

069 

059 

060 

059 

060 

059 

060 

060 

060 

060 

060 

060 

061 

060 

061 

06  X 

060 

061 

061 

06  X 

o6x 

061 

062 

061 
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Depreanim  pfMereuirf  m  Olast  Tuba. 
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oTTvlM. 


o.o5 

•  xo 
.i5 

•  20 

.25 

.3o 
.35 
.40 
.45 

'  .50 
.60 
.70 

0.80 


0.2949 
.i4o4 
.o865 
.o583 
•0409 
.0293 
.0212 
•01 54 
.0112 
.0082 
.0043 
.0023 


Tomg. 


laeh. 
0.2964 
.1424 
.0880 
•0589 

.o4o4 
•0280 
.0196 
•0139 
.0100 
.0074 
.0045 


Incb. 
>. 

.x394 
.08S4 
.o58o 
.o4i2 

•  0296 
.02x6 

•  0159 
.0117 
.0087 
.oo46 
•0024 
.ooi3 


Inch, 
o.  2796 
.1367 
.o83o 
•0559 
.0394 
.028X 
.0204 
.0x49 
.0x09 
.0080 
.oo4x 
.0020 
.0010 


CBTendifb, 


Inch. 

.l4o 
.092 
.067 
.o5o 
.o36 

.025 

•oi5 
.ozo 
.007 
.oo5 


DuteU. 


Tubes. 


Inch, 
o^ 
.070 
.044 

4  029 

«oso 
.014 
.0x0 

.097 

.oo5 
•op3 
.002 


{able  XXIX. 

Faetorihf  tokUh  th^  Diff^renee  of  lUadm^s  of  the  Dry^nOh  and  Wet- 
'  bulb  Tiemumetere  must  be  miltij^^edy  tit  order  to  produu  the  Differ- 
eftee  between  the  Readi$ig9  oftheJ}ry-bulb  and  Devo^nt  Therpiemr 
etere. 


21 
22 
23 
d4. 

25 

26 

a? 

28 

89 

3o 
3r 


32 

33 
34 
35 
36 

37 
38 

4o 
4i 
42 
43 


2.3 
2.3 
2.3 

2.2 
2.2 
2.2 
2.1 
2.1 
2.0 

2.0 


56 

57 
58 
59 
60 
6x 
62 
63 
64 
65 
66 
67 


80 
81 
82 
83 

84. 
85 
86 

87. 

88 

89. 
90 


1.5 
1.5 
1.5 
1.5 
1-5 
1.5 
X.5 
1.5 
Z.5 
1.5 
I..  5 
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Table  XXX. 


Catalogue  of  1500  Stars. 


Na 

B.A.C. 

CoiutflUatton. 

Mag. 

Right  AMeulon, 
Jan.  1, 1890. 

Annual    North  Polar  DiaC, 
Variation,  j     Jan.  1, 1890. 

viSSL 

I 

4 

21  Andromedae, 

a 

I 

0     0  38. 57* 

+3.086 

61  44  16. I* 

—19.93 
19.89 

2 

7 

II  Caasiopeae, 

P 

ai 

I    12.20* 

3.149 

3i  4o  39.9* 

3 

IX 

Phoenicia, 

€ 

4 

I   47.34 

3.089 

i36  34  24.7 

ao.o4 

4 

16 

22  Andromedae, 

5 

2    32.59 

3.093 

44  45  47.1 

ao.o5 

5 

19 

Octantis. 

7' 

5 

3    6.19 

2.820 

173    3  32.9 

19.89 

6 

26 

88  PegMi, 

7 

2 

5  30.99* 

3.084 

75  39    2.1* 

3o.o4 

7 

52 

24  Andromedas, 

e 

5 

9  16.17 

3. Ill 

52     9     5.1 

20.  o3 

8 

62 

8  Ceti, 

I 

4 

II  47. o3* 

3.060 

99  39  22.0* 
i55  45  26.9 

19.98 

9 

64 

Tucanae, 

c 

5 

12    11.93 

3.159 

S1.14 

lO 

70 

TucanaB, 

IT 

4i 

i3  41.72 

2.834 

160  27  31.9 

19.88 

XI 

72 

Sculptoris, 

t 

5 

i3  58.54 

3.025 

no  48  42.0* 
168    6    4.4 

19.92 

la 

88 

Hydri, 

P 

3 

17  47.38 

3.297 

20 .26 

i3 

93 

Phoenicia, 

K 

4 

18  49.23 

2.983 

i34  3o  5o.8 

19.79 

i4 

94 

Phoenicia, 

a 

2 

18  5i.4a 

i33     7  11.7 

19.^ 

i5 

io3 

Sculptoria, 

5 

20  29.10 

2.989 

123  5o    5.0 

ao.oa 

z6 

121 

1 4  Caaaiopeae, 

X 

5 

23  31.35 

3.263 

36  18  22.7 

19.97 

n 

124 

Phoenicia, 

X 

5 

24    9.91 

2.906 
3.344 

139  38    2.8 

19.94 

i8 

126 

x5  Caaaiopeae, 

K 

4 

24  30.74* 

27  53  48.2* 

19.96 

>9 

127 

Tucans, 

P" 

4 

24  38.29 
24  39.13 

2.770 

x53  47    9.2 

19.87 

ao 

128 

Tucanae, 

/?• 

4 

2.773 

i53  47  34.3 

19.89 

21 

x34 

Tucanae, 

5 

25  51.93 

2.751 

i53  5i  36.8 

19.50 

22 

143 

Phoenicia, 

5 

27  19.48 

28  38.45* 

2.901 

i43  12     5.6 

19.95 

23 

i53 

17  Caaaiopec, 

c 

4 

l-^n 

36  55  45.8* 

19.91 

24 

1 55 

29  Andromedae, 

jr 

4i 

28  52.91 
3o  38.35* 

57    6  25.8* 

19.92 

25 

i64 

3o  Andromedae, 

e 

4 

3.154 

61  3o  11.9* 

19.67 

26 

166 

3 1  Andromedae, 

6 

3 

3i  18.99 
32     1.58* 

3.187 

59  57  38.5* 

19.76 

27 

169 

18  Caaaiopee, 

a 

3 

3.354 

34  17    9.9* 
i5o  18     1.6 

19.83 

28 

176 

Tucane, 

5 

33  21.60 

2.8o5 

so. 19 

29 

i83 

Phoenicia, 

A« 

5 

34  13.89 

2.869 
a.  738 

i36  54  27.5 

ao.o3 

3o 

188 

Phoenicia, 

k 

5 

34  54. 5i 

14?  19  33.9 

19.96 

3i 

189 

20  Caaaiopeae, 

IT 

5 

35  11.45 

3.289 

43  47  47.9 

19.81 

32 

33 

192 
Z96 

Sculptoria, 
16  Ceti, 

7> 

/J 

5 

2k 

35  29.35 

36  3.42* 

2.901 
3»oi6 

129  17    8.4 
108  48  39.1* 

;s:Si 

34 

199 

Phoenicia, 

n 

5 

36  35.64 

2.713 

i48  17  17.3 

19.39 

35 

200 

17  Ceti, 

r 

5 

36  37.45 

3.o3i 

loi  25  37.1 

19.70 

36 

202 

Sculptoria, 

A« 

5 

36  57.03 

2.919 

129  i4  56.6 

19.88 

37 

2l5 

34  Andromedae, 

; 

4 

39  23.79* 

3.169 

66  32  59.4* 
32  58  53.5* 

19.69 

38 

218 

24  Caaaiopeae, 

n 

4 

4o    3.40* 

3.564 

I9.S7 

39 

219 

25  Caaaiopeae, 

V 

5 

4o  21.66 

3.359 

83  i3  sl'.h 

19.68 

4o 

222 

63  Piacium, 

6 

5 

40  54.20* 

3.107 

19.73 

4i 

227 

35  Andromede, 

V 

4 

4i  33.42* 

3.279 

49  44  19.9* 
91  57  36.4* 

19.72 

42 

242 

20  Ceti, 

5 

45  20.57* 

3.064 

19.67 

43 

245 

Caaaiopeae, 

5 

46  35.01 

3.369 
3.548 

42    8     7.8 

19.64 

44 

253 

27  Caaaiopeae, 

7 

3 

47  41.83* 

3o    5  48.1* 

19.64 

45 

259 

37  Andromedae, 

ft 

4 

48  26.48* 

3.3oi 

52  18  54.0* 

19.68 

46 

262 

2  UraaeMinoria, 

5 

49    9-55* 

6..716 

4  33     2.4* 

19.69 

47 

264 

38  Andromedae, 

n 

5 

49  12. 5o 

3.190 

67   23    32.1 

19.60 

48 

272 

Sculptoria, 

a 

5 

5i  22. 5i* 

2.899 

120  10     8.7* 

19.52 

49 

288 

71  Piacinm, 

e 

4 

55    9.75* 
0  59  23. 10 

3.II4 

82  55     7.2* 

19.50 

5o 

3x7 

Phoenicia, 

P 

3^ 

+2.692 

137  3i  21.3 

-19.37 

IabiiB  XXX. 
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ATALOOUB    OF 

1500  Stabs. 

No. 

Lofutthiuo^ 

Logarithmior                             | 

a 

b 

e 

d 

fl' 

^ 

c' 

d' 

I 

+8. 879a 
9.IQ36 
8.9867 

+6.3373 

+0,4875 

+8.5544 

— 9.5do8 

—9.6753 

-I.3093 

+7-4483 

a 

6.8330 

0.4888 

+9.0336 

9.3491 

-9.0399 
+9.8611 

I.3093 

7.7194 

3 

6.8791 

o»4857 

—8.8478 

8.8189 

I.3093 

7.8934 

4 

8.9763 

7.0314 

0.4893 
o»<4657 

+8.8975 

— 9.85i3 

I.3o33 

8.0453 

5 

9.7416 

7.8733 

—9.7385 

+9-99M 

Z.3033 

8.i3i6 

6 

8.8375 

7.ai9a 
7.5333 

0,4884 

+8.9817 

9*6174 

—9.3940 

—9.7875 

I .3091 

8;38i5 

7 

8.9261 
8.8395 

0^4931 
0.4856 

+8.7140 

9.5033 

I .3019 

8.6068 

8 

7.5411 

-8.0543 

;:a 

+9.m4i 

1.3017 

8.7110 

9 

t^ 

7.9354 

0.4643 

—9.1698 
—9.3730 

+9 '9735 

i.3oi6 

8.7359 

10 

8.0757 

0.4543 

9.3043 

i.3oi4 

8.7761 

II. 

8.8848 

7.6705 

o48o6 

-8.5813 

9.6094 

+9.6957 

i.3oi4 

8.7840 
8.8886 
8.9140 

la 
i3 

9.5o83 
8.9693 

8.3983 
7.8847 

o.4xi6 
0.4717 

-9.4989 
— 8.8i5i 

9.3180 
9.5647 

1.3009 
i.3oo8 

i4 

8.959a 

7.8754 

o.47a4 

^s.lht 

9.5717 

+9)8333 

i.3oo8 

8.9148 

i5 

8.9Qa8 

7.8553 

0.4758 

9«6i3o 

+9-7440 

i.3oo5 

8.9507 

i6 

9.049a 

8.o6ao 

o.5i36 

+8.0555 
—8.8931 

9.3416 

+9-B795 
-9-9439 

1.9990 
1.9998 

9.0Z05 

'7 

9.0101 

8.0348 

0.4633 

9»o358 

9.0333 

i8 

9.i5i3 

6.183s 

Oi5338 

+9.0976 

1.3997 

9.0384 

«9 

.    9-1763 

8.9094 

0.4439 

-9.1891 

9-4594 

+9.9504 

1.9997 

9.o3o6 

ao 

9.1763 

8.3097 

0.4439 

^-9.1993 

9^4593 

+9.9504 

1.9997 

9.o3o8 

•  az 

9.1771 

8.83i5 

o<44i5 

— o.i3o3 

+8!?44l 

9.4658 

+9.9504 

1.9995 

9.o5i6 

aa 

9.0434 

8.I3I8 

0.4561 

9.55o4 

+9.0004 
-.9.6994 

I. 9991 

9.0753 

a3 

9.0418 
8.8963 

8.1408 

0.5175 

9W3071 

1.3988 

9.0957 

84 

7.9991 

0.5093 

+8.63I3 

9*4714 

—9.7314 

1.3988 

9.0993 

aS 

8.8761 

a.oo48 

o«5oo7 

+8.5547 

9v5oa9 

—9.6747 

1.9983 

9.1348 

a« 

8.88a5 

'  8.0308 

o.5oi9 

+8.5890 

9-4879 

-9.69W 

1.9983 

^.i343 

87 

8.9845 

8.9170 

Ok  594ft 

+8.9860 

94I110 
9.5338 

—9.9199 

1.9980 

& 

a8 

8.9904 

OU363 

^9.o63i 

^8.848o 

+9.934* 

i.9976 

2^ 

8.<63o 

0.456I 

,  &] 

+9.8586 

1.3974 

9.1736 

3o 

9.0866 

.8.9797 

O.440O 

-^9.0118 

+9»99ot 

1.9979 

9.1811 

3i 

8.9786 

.8.t683 

o^5i64 

+8.8870 

9.3785 

-9.8533 

1.9971 

9.1845 

39 

8.9399 

8.1333 

0.4637 

-8.7815 

9.5371 

t;:2s; 

1.3970 

9.1883 

33 

8.84a4 

8.0438 

0.4770 

-8.35o8 

9.6640 

1.3968 

9.1950 

34 

9.0977 
8.8370 

.8.3o46 

OU356 

—0.0974 
— 8«ift4o 

9.56o4 

+9-9^48 

1.3967 

9<80i4 

35 

8.0343 

0.4811 

9; 6598 

+9.a9«4 

1.9967 

9.3017 

36 

8.9393 
6.8549 

8.i4o5 

.  o«46l7 

-8;73o5 

9#64i3 

+9.7955 

1.9966 

9.3o56 

ll 

8.0945 

o*5oio 

+8.4547 

o.5i85 
dv9557 

-9.5934 

1.21958 

9 < 3333 

38 

9.0814 

8.3383 

0.535I 

+9.oo5o 
+8.8956 

—9.9170 
-9.J784 

1.9956 

9.340a 

39 

9.0104 
8.8900 

8.9607 

•    0*5353 

9V1573 

1.8955 

9.3435 

4o 

8.0769 

.  oi»49l9 

+7*8914 

9m6i38 

-9.0644 

1.8953 

9*^3493 

4i 

8.5341 

8.8i56 

8.1974 

oy5i59 

+8J7446 

9.3316 

—9.8033 
+8.5954 

l.ii95o 

9.3561 

48 

8.1177 

0^4860 

+l!85l4 

6.5900 
—9^3336 

1.3937 

9.3935 

43 

8.9883 

8.3093 

0.5375 

—9.8611 

1.3933 

9.3o5i 

44 

o.ii4a 
8.9157 

8.4388 

0.5499 
.  o«5i68 

+o.o5i3 
+8.7090 

—9.9976 

1.3938 

9^3151 

45 

'8.9474 

-9.7765 

1.3934 

9.3318 

46 
47 

0.0149 

8.8485 

'  0.9593 
8.1879 

o;8334 
o.5o37 

+9.9130 
+8;4834 

tf^ti 

-9.0886 
—9-5747 

1,3933 
1.3931 

lint 

48 

8.8761 

8.9341 

0.463 I 

-8.5773 

9.6874 
9.6035 

+9.6909 

\%l 

9,3460 
9.3773 

49 

8.8145 

8.9045 

.    0.4938 
+0.4308 

ii:S^ 

—9.0789 

5o 

+8.9797 

+8.4o3o 

-9.6831 

+9.8530 

-1.3875 

+9.4086 

Co 


402 


Table  XXI. 


Gatalooub  op  1500  Stabs. 


No. 

aA.c. 

CoiMteUatioii. 

Maj. 

Right  Ateeiwlon, 
Jan.  1,  1850. 

Annaal 
Variation. 

North  Polar  Dtat., 
Jan.  1, 1850. 

Annual 
VariadfliL 

5i 

3x8 

4x  Andromedtti 

5 

0  59  a5.3o 

+3.4x0 

0      '        '/ 
46  5i  3o.i 

—  19.35 

52 

3a8 

80  Piacium, 

« 

5 

X     0  38.79* 

3.083 

85    8  4i.8* 

19.17 

53 

33o 

4a  Axidromedaey 

^ 

5 

0  49. XX* 

3.437 

43  33  34.1* 

19.37 

54 

33a 

3 1  Ceti, 

n 

3i 

I     2.67 

3.0x9 

100  58  49.5 

19.93 

55 

333 

Tucan«, 

i 

5 

I  19.95 

a.  357 

x5a  34  36.9 

i9-4s 

56 

334 

43  Androxnedw, 

P 

a 

I  20.90* 

3.336 

55  10  33. a* 

19.97 

5? 

339 

33  Casaiopee, 

e 

4i 

1  59.95* 

2  4.35 

3.593 
2.555 

35  38  58.3* 

19.33 
18.94 

58 

340 

Phoenicia, 

C 

5 

x46    3     1.5 

59 

348 

84  Piflciom, 

X 

5 

3  24.08 

3.2x0 

69  45  5a. 6 

19.98 

60 

36o 

X  Uns  Minoria, 

a 

2 

5    0.83* 

17.546 

I  29  24.7* 

19.97 

61 

38o 

Phoenicis, 

V 

4i 

8  25. x5 

2.725 

x36  19  59.4 

19.53 

6a 

39a 

Tac&ne, 

K 

5 

10  41.9a 
IX  50.37 

2.089 

x59  4o  29.8 

19.10 

18.84 

63 

398 

Tacans, 

5 

2.1x7 

x57  II  3x.3 

64 

4o4 

46  Andromedae, 

i 

4i 

i3  31.85 

3.493 

45  i5  34.4 

19.00 

65 

4xa 

36  Caasiopee, 

* 

4i 

i5  a4.x6* 

4. 119 

22  39  18. I* 

19. ox 

66 

4x6 

37  Ca88iopee» 

6 

3 

16    9.88* 

3.853 

3o  32  47.3* 

18.92 

67 

4ao 

45  Ceti, 

e 

3 

16  3X.58* 

3.000 

98    57    32.2* 

197  10  19. I 

18.75 

68 

42a 

Tttcans, 

5 

16  47*59 

2.o4x 

18.59 

69 

4a6 

Phoenicisy 

5 

18    a. 32 

2.666 

i32  x6  26.8 

X8.94 

70 

427 

93  Piacium, 

p 

5 

18  10.60 

3.2x6 

71   36  34.5 

18.96 

71 

4a9 

46  Ceti, 

5 

18  14.70 

9.952 

xo5  aa  5o.6 

X8.9X 

7a 

43i 

94  Piaciom, 

5 

18  36. 06 

3.225 

71  32  16.7 

18.88 

73 

43a 

48  Andromedn, 

0 

5 

18  4a. a9* 

3.55o 

45  99  10.6* 

18.78 

74 

438 

38  Caaaiopeae, 

A 

5 

ao    9. OX 

4.324 

90  3o  36.0 

18.76 

75 

44i 

49  Andromedae, 

A 

5 

ai     7.73 

3.556 

43  46     5.5 

18.76 

76 

447 

Phcenicia, 

r 

3 

ax  5i.i6 

2.634 

x34    5  i4.8 

18.64 

77 

448 

98  Piacium, 

/< 

4i 

aa  19.73* 

3..X37 

84  37  53.9* 

18.60 

78 

453 

99  Piacium, 

n 

4 

a3  a7.8o* 

3.200 

75  95  45.0* 

18.76 

79 

46x 

PhcBuicia, 

6 

4 

a5    o.xi 

2.509 

x39  5x   x5.6 

18.77 

80 

48o 

5o  Andromeds, 

5 

28    o.8i* 

3.489 

49  ao  48.7* 

18.92 

81 

487 

5 1  Andromeds, 

3^ 

28  48.69* 

3.639 

49     8     9.5* 

18.45 

8a 

488 

loa  Piacium, 

v 

5 

29    9.21* 

3.X71 

78  37  38.x* 

18-64 

83 

5oa 

53  Andromedae, 

T 

5 

3i  44.87 

3.5x6 

5o  II     8.1 

x8.38 

84 

5o7 

Eridani, 

a 

I 

32     7.23 

2.238 

i48     0    0.5 

X8.45 

85 

5x8 

106  Piacium, 

V 

5 

33.37.69* 

3.1x7 

85  16  95.3* 

18. 38 

86 

5aa 

54  Andromeda^, 

4 

34  17.28* 

3.^7x6 

4o    4    9->* 
106  43  43.5 

18.35 

87 

536 

52  Ceti, 

T 

3i 

37     6.09 

2.788 

19.15 

88 

537 

no  Piacium, 

0 

5 

37  a8.67* 

3.X62 

81  35  56.9* 

18. 3x 

89 

54i 

Sculptoria, 

e 

5 

38  37.35 

2.8x9 

ii5  48  14.9* 

18.94 

90 

55o 

Eridani, 

9' 

5 

4o  a3.3o 

2.287 

i44  16  37.6 

17.97 

91 

559 

53  Ceti, 

X 

5 

4a  I3.00* 

2.946 

loi  95  49.9* 

x8.oo 

92 

564 

45  Caaaiopeae, 

e 

3 

43  39.68* 

44  3.54 

4.921 

97    4  17*9* 

18.04 

93 

565 

55  Ceti, 

f 

3 

2.960 

loi     4  49.9 

;;:i: 

94 

569 

2  Trianguli, 

a 

3i 

44  3a. 57* 

3.399 

61    9  14.9* 
71  96  38.5* 

95 

57a 

5  Aiietia, 

/ 

4i 

45  18.43* 

3.277 

17.89 

96 

573 

5  Arietia, 

r' 

4i 

45  18. 43* 

3.279 

71  96  99.0* 
69  55  38. 7» 

17.88 

97 

577 

6  Arietia, 

fi 

3 

46  ax. 69* 

3.297 

17.89 

98 

58a 

Phoenicia, 

5 

47  37.9a 

2.4X2 

x37    9  17.7 

17.79 

99 

585 

^ 

5 

48    8.43 

a. 491 
+X.458 

i33  i4     1.8 

17.90 

100 

589 

Hydri, 

ff' 

5 

I  48  45.68 

i58  4o  58.3 

-17-961 
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Catalooue  of  1500   Stars. 


N& 

LogariUunflor 

Logarithnui  of                             | 

a 

b 

1            € 

d 

a' 

y 

e' 

d^ 

5i 
5a 
53 
54 
55 

+8.9460 
8.810Z 
8.970a 
8.8i63 
9.1449 

+8.3697 
8.a43o 
8.4o44 
8.a5a3 
8.5839 

+o.53o4 
0.49x4 
0.5365 

0.4775 
0.3783 

+8.7810 
+7.7376 
+8.83o3 
—8.0961 
— 9.0931 

— 9.l5oi 
9.6i3i 
9.0374 
9.6777 
9.6381 

— 9.8803 
-8.9131 

-9.8447 
+9.2642 
+9.9325 

—1.2875 
1.2868 
1.2868 
1.2866 
1.2865 

+9.4089 

9.4175 
9.4x87 

9.4303 
9.4333 

56 

8.8939 
9.0433 
9.0608 
8.8348 
0.3911 

8.33ao 
8.4853 
8.5o43 
8.3880 
9.8559 

0.5307 
0.5535 
o.4o47 
o.5o59 
1.3430 

+8.65o6 
+8.9522 
—8.9796 
+8.3737 
+0.3909 

9.3i3a 

8.5539 

9.6668 

— 9-4951 

+9-4389 

-9-7409 
—9.8938 
+9.9037 
— 9.5331 
—9.9821 

1.2865 
1.2861 
1.2861 
1.2854 
1.3845 

9.4334 
9.4369 
9.4374 

9.4364 
9.4470 

6i 

63 

63 
64 
65 

8.9651 
9.a633 
0.2I38 

8.9497 
9.3x43 

8.4533 
8.7655 
8.7345 
8.4713 
8.7476 

0.4347 
0.2955 

O.3202 
0.5436 

o.6x34 

—8.8345 
— 9 . a34a 

— 9-»784 
+8.7973 
+9.1794 

916389 

9.6555 

—8.9355 

+9.1173 

+9.8397 
+9.9511 

—9.9413 

1.3826 
1.2812 
1.2805 

^•^795 
1.2783 

9.4685 
9.4823 

9.4891 
9.4988 
9.5094 

66 
67 
68 
69 
70 

9.0935 
8.8o46 
9.aio3 
8.0290 
8.8209 

8.6307 
8.3448 
8.7531 
8.4784 
8.3711 

o.58o8 

0.4773 
0.3067 
0.4357 
0.5078 

+9.0386 
-7.9969 

—9-1749 
—8.7569 
+8.3199 

+8.7774 

—9.6810 

9.6735 

9.7370 

9.4863 

— 9.9108 
+9.1677 
+9.0397 
+9.8031 
—9.4733 

1.2779 
1.2775 
1.3774 
1.3765 
1.3765 

9.5129 
9.5i55 
9.5170 
9.5237 
9.5244 

7> 
7« 
73 
74 
75 

8.8139 
8.8308 
8.9455 
9.3533 
8.9562 

8.3646 
8.3736 

8.4989 
8.8143 
8.5a39 

0.4695 
o.5o8o 
0.5459 
0.6330 
o.55o8 

-8.3376 
+8.3314 
+8.7933 
+9.3338 
+8.8148 

9 . 7053 

9-4844 

—8.8591 

+9.3376 

-8.6981 

+9-3978 
-9-4746 
-9.8205 
—9.9444 
—9.8308 

1.3764 
1.3762 
1.2761 
1.2751 
1.3744 

9.5248 
9.5267 
9.5273 
9.5348 
9.5399 

76 

77 
78 

2' 
80 

8.9393 
8.7972 
8.8087 
8.9840 
8.9110 

8.5x12 
8.3718 
8.3898 
8.5738 
8.5175 

0.4x79 
0.4934 
o.5o44 
0.3972 
0.5443 

—8.7818 

+7.7682 
+8.2093 
—8.8673 
+8.7249 

9.7443 
9.6013 
9.5190 
0.7458 
8.9399 

+9.8143 
—8.9434 
—9.3712 
+9.8528 
—9.7811 

1.2739 
1.2736 
1.2728 
1.2716 
1.2694 

9.5436 
9.5460 
9.5517 
9.5592 
9.5736 

81 
83 
83 
84 
65 

8.9638 
8.7988 
8.9027 
9.0636 
8.7881 

8.5746 
8.4ii5 
8.5393 
8.6931 
8.4345 

0.5598 
o.5ox4 
0.5447 
0.3490 

0.4934 

+8.8340 
+8.0937 
+8.7091 
—8.9921 
+7.7040 

8.0374 
9.5448 
8.933s 

9.7496 
—9.6018 

—9.8367 
—9.2612 
—9.7706 
+9-8934 
—8.8786 

1.2688 
1.2685 
1.2665 
1 . 2662 
1.2649 

9.5774 
9.5790 
9.5908 
9.5924 
9.5991 

86 
87 
88 
89 
90 

8^8025 
8.7881 
8.8280 
9.0145 

8.6x72 
8.4567 
8.4443 
8.4898 
8.6851 

0.5689 
0.4633 
0.4986 
0.4473 
0.3583 

+8.8612 
—8.3617 
+7.9537 
—8.4668 
-^8.9340 

+8.4349 

-9.7375 

9.5670 

9.7576 

9.7766 

—9.8460 
+9-4190 
—9.1241 
+9.5973 
+9.8664 

1.2644 
1 . 2620 
1.2617 
1 . 2607 
1.2592 

9 . 6020 
9.6140 
9.6x56 
9.6203 
9.6275 

9« 
93 
95 

8.7870 

8.8346 
8.7995 

8.4675 
8,8o63 
8.4743 
8.5354 
8.4940 

0.4704 
0.6247 
0.4707 
0.5308 
o.5i45 

-8.o85o 
+9.0694 
—8.0693 
+8.5x8i 
+8.3033 

—9.7083 

+9.3834 

—9.7077 

9 . 3343 

9.4319 

+9.8523 
—9.9036 
+9.2373 
—9.6366 
-9.4552 

1.2575 

1.2562 

1.2558 
1.2554 
1.2547 

9.6349 
9.64o5 
9.6421 
9.6440 
9.6469 

96 

99 
100 

8.8oa6 

8.9407 

8.911a 

+9.3ia5 

8.4940 
8.5o3o 
8.6461 
8.6190 
+8.9333 

0.5x45 
0.5x71 
0.3840 
0.3978 
+0.1775 

+8.3033 
+8.3381 
— 8.8o5i 
-8.7469 
— 9.1817 

9-4317 
9.4048 
9.7973 

9-7977 
—9.7660 

—9.4553 
—9.4870 
+9.8146 
+9.7854 
+9.9x84 

1.3547 
1.3537 

1.3525 
1.3530 

— i.35i4 

9.6469 
9.6509 
9.6557 
9.6576 
+9.6599 
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No. 

B.A.C. 

M.g. 

Jail.  l7l850r^ 

Annnat 
VariaUoa. 

NortUrolarDiat., 
Jan.  1,1650. 

Aimwl 
Varistioa. 

lot 

595 

48  Cassiopevy 

5 

1   49  43.96* 

+4.778 

19  49  36.5* 

—17.79 

loa 

596 

Eridani, 

X 

4 

5o    6.71 

a.3a5 

i42  21  a5.7 

18.09 

io3 

600 

5o  Casaiopea, 

4 

5a  44.28* 

4.940 

18  18  a8.9* 

17.78 

io4 

693 

Hydri, 

f^ 

4* 

5i     7.99 

1.486 

i58  a3  IB. 9 

17.75 

£05 

618 

59  Ceti, 

V 

4i 

.      5a  5e.2» 

a. 837 

111  48  3a.7 

^7.69 

io6 

623 

Hydri, 

a 

3 

.     54'   8.62 

1.889 

i5a  18    4*7. 

17-62 

107 

6a5 

ii3  Piacinm,     . 

a 

3* 

54  17.50 

3.102 

87  57  44.7 

17.63 

108 

628 

57  Andromeda, 

7 

•  3 

54  4».7i* 

3.644 

48  a3  33.9* 
i35  a6  11.5 

17-56 

109 

634 

Phcenicia,  . 

X 

.5 

55  41.21 

2 .402 

17.79 

no 

635 

Hydri, 

5 

55  43,87 

1.570 

i56  47  55.7 

17.01 

III 

648 

1 3  Arietis, 

a 

.  2    • 

58.  43.64* 

3.364 

67  J4  57.9* 

17 -3o 

112 

656 

4  Trianguli, 

P 

4 

2    0  38. 02* 

3.545 

55  43  3o.o* 

17.32 

ii3 

684 

65  Ceti, 

e 

5 

5    a.  28* 

3.169 

81  5i  34.0* 

17.12 

ii4 

688 

Fornacia, 

A« 

5 

6  17.93 

2.642 

121  a5  47 • 3* 

17.01 

ii5 

717 

Eridani, 

f 

4 

11     9.34 

2*  1 56 

i4a  la  a6.7 

16.91 

ti6 

720 

68  Ceti, 

0 

Var. 

II  46>53 

3.021 

93  39  41.8 

16.60 

117 

721 

9  PeT86i, 

i 

5 

11  56. 19* 

4.114 

34  5o  39.6* 

16  .B2 

1x8 

744 

.Caaei<^«, 

U 

16  46.7I* 

4.812 

a3  16  34.3* 

16.59 

119 

754 

73  Ceti, 

P 

•5 

18  42.42 

2.897 

103  58    9.6 

16.47 

,120 

756 

Hydri, 

6 

.4 

19    5.79 

1.037 

169  ao  36.3 

16.44 

,121 

760 

73  Ceti, 

? 

4 

20  11.34* 

3.18B 

82  12  54.0* 

16.42 

122 

763 

Eridani, 

K 

4i 

21    28.98 

2.186 

i38  22  48.1 

15-99 

123 

781 

76  Ceti, 

a 

5 

24  58.93 

a. 844 

ip5  54  19.4 

16-10 

u4 

794 

78  Ceti, 

V 

•4* 

28      0.42* 

3.135 

85     3  50.7* 

it:?I 

125 

811 

82  Ceti, 

6 

4 

3i  48.13 

3.074 

90  19  18.5 

126 

8i5 

83  Ceti, 

•    B 

4i 

3a  18.69 

:::;i? 

ro2  3o  4<.o 

i5.56 

127 

827 

i3  Peraei, 

e 

4 

33  58.8i» 

4i  b4  35.0* 

^5.60 

128 

828 

Eridani, 

5 

34    4.65 

a.  276 

i33  32  i5.i 

15.65 

129 

83i 

35  Arietia, 

4 

34  39.69 

iti 

62  56    3.x 

^5.68 

i3o 

832 

Eridani, 

t 

4 

3445.10 

i3o  29  56.2 

^5.66 

i3i 

837 

86  Ceti, 

7 

3 

35  31.93* 

36  5a.37* 

Suioft 

87  23  57.8* 

i5.45 

1 32 

845 

Arietia, 

4 

3.2$a 

^0  3i  ao.5* 

i5.49 

i33 

847 

89  Ceti, 

n 

4 

36  59.13 

2.85i 

io4  29  49.1 

i5.5i 

134 

849 

Hydri, 

e  ■ 

5 

37  17.66 

0.8^1 

i58  54  4B.9 

i5,39 

i35 

856 

I  Eridani, 

T* 

4i 

38    6.34 

.  2.8Q& 

109  22  37.P 

l5.5o 

1 36 

86x 

39  Arietia, 
1 5  Pertti, 

4 

38  5y.3o* 

3.549 

61  aa  44.5* 

x5.3i 

137 

863 

n 

4 

39.47.5o* 

4.312 

34  43  5a. 4* 

i5.38 

1 38 

870 

42  Arietia, 

r 

5 

4o  55.74* 

3.335 

73    0  45.5* 

53  id   9.3 

i5.35 

139 

871 

x6  Peraei, 

4i 

4i    7-91 

3.759 

l5.33 

i4o 

872 

4x  Arietia, 

3 

4i    9-98* 

3.510 

63  21  40.7* 

l5.80 

i4i 

879 

Fonacia, 

P 

5 

42  48.68  ' 

2.509 

123.  2  17.9^ 

i5.4i 

142 

882 

Hyari, 

C 

5 

43  14.78 

0.874 

i58  i4  54.0 

i5.i3 

143 

885 

18  Peraei, 

r 

5 

43  39.05* 

4.199 

37  5i  20.3* 

i5.i5 

i44 

887 

2  Eridani, 

T» 

4i 

44  i4.i5 

^.720 

111  37  a8.9 

i5.ii 

145 

910 

3  Eridani, 

n 

3 

49    €-07 

2.928 

99  89  53 .o 

x4.6a 

x46 

912 

22  Peraei, 

T 

5 

49  11. aa* 

3.806 

5o.56  89*0* 
69  i5  46.4^ 
i53  43  38.3 

?4.8o 

x47 

9>i  1 

48  Arietia, 

r 

5 

5o  38. 60* 

3.418 

X4-75 

i48 

$31 

Horologii, 

5 

5i  43.49 

X.226 

14.68 

149 

937 

Eridani, 

e 

3^ 

.52  34.47 

a.  269 
+4.89! 

i3o  54  3o.5 

14.63 

i5o 

947 

23  Peraei, 

7 

3i 

2  53  57.70* 

37     5    8.1* 

-14.55 
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No. 

LogaritbifW  of 

Logarittumof                             ] 

a 

h 

e 

d 

a* 

ft' 

e' 

df 

lOI 
loa 
io3 
io4 
io5 

+9-a4i7 
8.9859 
9.3740 
9.8045 
8.8oxr 

+8.9570 
8 • 7039 
8.9939 
6.9368 
8.53II 

+0.6794 
0.3559 
o;.6944 
0*1754 
0.4499 

+9.a>i5a. 
—8;.  8845 
+9,a5i5 
—9.1788 
—8*3711 

+9.4567 
—9.8000 

+9-4840 
-9.7733 
r-9.7634 

-9.0817 

+9.8465 

-9- 9*47 
+9.oi5i 

+9-5i49 

— i.85o4 
i.a5oo 
1.3494 
2.3490 
I* 847a 

+9.6634 
9.6648 
9.6671 
9.6685 
9^.6749 

io6 
107 
lod 
109 
110 

9.1005 
8.7678 
8.8934 
8.9199 
9.1706 

8.8354 
8.5o39 
S.63i3 
8.6633 
8.9131 

or.  3683 
0.4904 
0.56x8 
0.3838 
0*1936 

—9.0476 
+7-3187 
+a-.7i55 
—8.7787 
—9,1339 

-9.7954 
—9.6198 
—7.7709 
—9.8x33 
—9-7894 

+0.8910 

-6.4945 

-9.7654 

+9-7949 
+9.9055 

i.346x 
1.3458 
1.3454 
i,a444 
1.8443 

9.6788 
9.6797 
9.681X 
9.6845 
9.6847 

IIZ 

iia 
ii3 
n4 
ii5 

•   8.7980 

.    8.8436 

8.760a 

8.da3a 

8.961a 

B.5539 
8.6078 
8.5435 
8.6118 
8.770a 

0.5348 
0.5476 
o.5oxx 
0.4331 
0.3398 

+8.3854 
+8. 594a 

+7-9"a 
-8.54o5 
'— 8.8590 

—9.3195 
— 8.879 X 
—9.5516 
—9.8084 
-9.84x3 

-9.5863 
-9.6875 
—9.0889 

+9.6476 
+9.8aa4 

I.84ll 
I. 8386 

1.8869 

9,6948 
9 . 701 1 
9,7168 
•  9*7190 
9.7336 

lie 
117 
118 
1x9 

8.jf487 
8.9907 
9.1447 
8.750a 
9.19x0 

B.56o3 
8.8039 
8.0769 
8.5908 
9.0336 

0.4806 
0.6x45 
0.6838 
0.46x7 
0.0304 

^7.5539 
+8.9049 
+9.1078 
—8.101 3 
—9,1631 

— 9.670X 
+9.3986 
+9.5376 
—9.7408 
—9.8368 

+8.7991 

-9.8379 
-9.8807 
+9. 866a 
+9.8867 

x.aa6i 
I . aaS9 
1^8198 
1.8173 
Kai68 

9.7355 
9.7359 
9.7497 
9.7551 
•  9.7561 

lax 
ita 

133 

ift4 
laS 

8.7410 
8.9x30 
8.7475 
8.7379 
8.7307 

8.5870 
8.7643 
8.6ia6 
8.6o5o 
8.6ia8 

o.5ox8 
0.3433 
0.4541 
0.4969 
0.4866 

+7.8738 
—8.7867 
—8.1853 
+7.6635 
— 6.4to4 

—9.5468 
-9.8579 
—9.7630 
-9.58o5 
r-^.64io 

—9.0449 
+9.7850 
+9.3444 
—8.8376 
+7.6465 

x,3i53 
1.3136 
1.3088 
i:ao46 
I. 1990 

9.7591 
9.7636 
9.77x8 
9.7705 
9.7889 

ia6 

187 

ia8 
1 39 
i3o 

8.7304 
8.8970 
8.8571 

8 ! 6353 

8; 6844 
8.7975 
8.7580 
8.6700 
8.7388 

o.46o5 
o.6o36 
0.3578 
0.5438 
0.3733 

—8.066a 
+8.7731 
—8.695a 

+8.4a49 
—a.  6478 

— 9.746X 
+9.8548 
—9.8713 
— 9.0090 
-9.8668 

+9.3318 
—9.7686 
+9,7315 
—9.5506 
+9,7049 

1.X983 
I.X958 
I. 1957 
I. 1948 
1.1946 

9*7901 
9.7941 
9.7943 
9.7957 
9.7969 

i3i 
i3a 
i33 
i34 
i35 

:    8.7x56 
8.7191 
8.7369 
9.i564 
8.7360 

8.6831 

8.6307 
8.6391 
9.0697 
8;6535 

0.4936 
0.5067 
0.455I 
9.9413 
0.443I 

+7.3734 

—9.1363 
—8.3583 

— 9.607S 
— 9,5io4 
—9.7683 
-9.8735 
-9,7918 

—8.5481 
—9.1058 
+9.3875 
+9-8584 
+9.4045 

i\iX934 
I.X9X4 
1.1913 
1.1907 
1.1895 

9.7978 
9.8008 
9.8013 
9.80x9 
9.8o38 

i36 
137 
1 38 
139 
i4o 

8.7664 
8.9538 
8.7357 
8.8080 
8.7550 

8; 6663 

•  8.8758 
8.653X 
8.7368 

•  8.6833 

0.5487 
0.6344 
0.5337 
0.5737 
0.5446 

+8.4467 
+8.8676 
+8.1876 
+8.5944 
+8.4067 

—8.8787 

+9-4479 
-9.3585 
+8.7x60 

—8.  99 18 

-9.5668 
-9.7994 
—9-3447 
—9.6688 
—9.5340 

1.1881 
Z.1868 
i.i85o 

1.1847 
I.I846 

9.6066 
9.8076 
9.8108 
9.8106 
9..8I07 

i4r 
i4a 
143 
i44 
145 

8.7803 
9.1340 
6.9143 
8.7330 
8. 6991 

8.7149 
9.0703 
8.8533 
8.6731 
8.6577 

0.3986 

9.9447 
O.6830 
o.435o 
0.4654 

— 8.5i68 
— 9.1030 

+8.8117 

—7.9166 

—9.8570 
-9.88&3 
+9.3993 
— 9.8099 
— 9.73i«6 

+9.6163 
+9.8469 
—9.7757 
+9.4439 
+9.0867 

1.1880 

X.l8l3 

Z.I806 
1,1796 

I.I7I4 

9.8x43 
9.8x53 
9.8163 
9.8175 
9.8378 

i46 

147 
i48 
z49 
i5o 

8. 8038 
8.7195 
9.0434 
8.8086 
+8.9043 

8.76x8 
8.6840 

9. Olio 

8.7805 

+8.88x3 

6. 5333 

0.0885 

0.3576 

+o.63s3 

+8.6033 
+8.8686 
-8.9951 
— 8.6a48 
+8.8061 

+8.9395 
-9.8199 
—9.9046 
-9.8898 
+9.4583 

—9.6685 
— 9.4i56 
+9.8173 
+9.6793 
— 9.7635 

1.1713 
1.1687 

1.1668 

1.1653 
—1.1639 

9.8380 
9.83xo 
9.833a 
o-835o 
+9.8^77.. 
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No. 

B.A.C. 

ConstaUatkm. 

M^. 

Right  AjMensloD, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Dist., 
Jan.  1, 1850. 

Ammal 

VariatiaiL 

l5l 

948 

Peraei, 

5 

h.    m.      s. 
2  54  i8.4o» 

+4.440 

0      /       ** 
33  53  i6.6* 

— 14.61 

l52 

949 

92  Ceti, 

a 

2i 

54  26.60* 

3.129 

86  3o     7. 4* 

i4.4a 

i53 

952 

9  Eridani, 

P" 

5 

55  20. 58 

2.037 
3.8x5 

98  16  42.0 
5i  44  40.5 

14.48 

1 54 

953 

25  Persei, 

P 

4 

55  34.81 

14.37 

1 55 

954 

11  Eridani, 

T» 

4 

55  46.8a 

a.  643 

ii4  12  56.1 

14.36 

1 56 

956 

Horologii, 

5 

55  55.87 

1.X09 

i54  4o    7*2 

14.43 

i57 

959 

xo  Eridani, 

P' 

5 

56  54.63 

2.943 

98  II  26.6 

14.37 

i58 

962 

Persei, 

I 

4 

58  I5.67* 

4.280 

4o  57  5i.6* 

14-29 

i59 

963 

26  Persei, 

P 

2* 

58  25.56* 

3.871 

49  37  34.0* 
45  42  54.2* 

14. 3o 

i6o 

967 

27  Persei, 

K 

5 

59  23.96* 

4.009 

14.09 

i6i 

981 

28  Persei, 

0 

5 

3     I  37.41 

+3.845 

5o  57  44.3 

i4.xo 

162 

982 

Hydri, 

e 

5 

I  58.36 

— 0.008 

162  29  27.7 

13.49 

i63 

986 

57  Arietis, 

6 

4 

3     3.58* 

+3.4x8 

70  5o  39.9* 

i4-oo 

i64 

997 

12  Eridani, 

a 

3i 

5  42.08* 

a.55o 

119  34  53.0* 

14.46 

i65 

999 

58  Arietis, 

c 

5 

6  17. 2X* 

3.434 

69  3o  53.9* 

13.73 

166 

lOOI 

Cassiopeae, 

5 

6  5x.x5* 

5.X52 

24  54    8.5* 

13.7X 

167 

ioi3 

x3  Eridani, 

c 

4 

8  33.08* 

2.910 

99  22  48.8* 
87  II     3.0 

i3.6€ 

168 

1028 

96  Ceti, 

«» 

5 

II  29. 9x 

3.139 

13.43 

169 

io34 

61  Arietis, 

T* 

5 

12    34.43* 

3.449 
+2.665 

69  23  5o.2* 

13.33 

170 

1037 

16  Eridani, 

T* 

3i 

12    50,67* 

X12  18  a4.8* 

i3.4i 

171 

io38 

Mense, 

5 

12    52.60 

—2.334 

169  32  55.2 

13.36 

172 

1043 

33  Persei, 

a 

2i 

i3  38.35* 

+4.241 

4o  4o  39.3* 
i33  38  48.6 

13.27 

173 

io44 

Eridani, 

4i 

i3  55. o5 

2.365 

i4-o4 

174 

io56 

Hydri, 

5 

16  18,90 

0.673 

x57  28  29.7 

12.66 

^75 

io57 

I  Tauri, 

0 

4i 

16  44.83 

3.222 

81  3o  10.7* 

i3.o5 

176 

io58 

Camelopardi, 

4 

16  57.92* 

4.780 
4.725 

3o  35  16.6* 

i3.i3 

177 

1062 

Camelopardi, 

4 

X7  58.42* 

3x  38  49.0* 
35    4  25.0 

i3.o6 

178 

io65 

Camelopaidi, 

5 

18  35.65 

4.523 

12.87 

179 

1068 

2  Tauri, 

^ 

4 

19    2.68* 

+3.243 

80  47  37.8* 

12.92 

180 

1070 

Hydri, 

5 

19  44.0a 

—1.794 

167  55  57.7 

i3.i5 

181 

1071 

35  Persei, 

a 

5 

20     i.3i* 

+4.194 

42  3i  38.7* 

12.90 

182 

1090 

17  Eridani, 

4i 

23  X0.75 

2.973 

95  35  36.6 

X2.65 

i83 

1099 

37  Persei, 

V' 

5 

25    5X.02* 

4.228 

4a  18  4o.8» 

12.45 

1 84 

IIOO 

18  Eridani, 

e 

H 

25  5a. 25 

2.826 

99  58    8.3* 

12.43 

i85 

iio4 

19  Eridani, 

T» 

4 

27    9.79 

2.643 

1X2    8  20.3 

12.38 

186 

1112 

10  Tauri, 

4i 

29  13.43 

3.o58 

90    4  40.9 

11.74 

187 

II25 

Eridani, 

5 

3x  42.77 

2.147 

x3o  46  10. 0 

X2.08 

188 

1129 
ii33 

39  Persei, 

6 

3 

32  i5.85* 

4.235 

42  4i  5o.o* 

12.02 

189 

Camelopardi, 

5 

32  58.06* 

5. 161 

27     8    6.4» 

11.93 

190 

1137 

Camelopardi, 

r 

4i 

34  34.69 

6.139 

19    8  i4.5 

XX. 86 

191 

ii38 

38  Persei, 

0 

4 

34  55.48* 

3.733 

58  XI  27.3* 

IX. 89 

192 

1x39 

4 1  Persei, 

V 

4 

35     x.i3* 

4.046 

47  54     1.5* 

XX. 86 

193 

ii44 

Camelopardi, 

5 

35  $0.07 

5.392 

24  56  42.6 

IX. 79 

194 

1x47 

17  Tauri, 

4^ 

35  58.74» 

3.548 

66  ax  43.9* 

IX. 76 

195 

xx48 

23  Eridani, 

6 

3i 

36    4.o5 

8.871 

xoo  16  28.0* 

12. 5x 

196 

ix5o 

Eridani, 

5 

36  17.03 

a.  378 

122  25  x3.5 

11.73 

197 

ix5i 

19  Tauri, 

5 

36  17.22* 

3.557 

66     0  28.0* 

IX.  75 

198 

xi54 

20  Tauri, 

5 

36  54. 5o* 

3.555 

66    6  19.0* 

11.68 

199 

1x59 

Eridani, 

v^ 

5 

37  17.05 

a.  248 

127  47  19-^ 

IX. 73 

200 

ii6r 

23  Tauri, 

5 

3  37  25.92* 

+3.549 

66  3x  23. 4» 

—XX. 66 
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No. 

Loc^lUmxor 

LogsrltbiMor                             1 

a 

b 

e 

d 

a' 

ft' 

c' 

d' 

i5i 

l52 

1 53 
i54 
i55 

+8.9376 
8.6845 
8.6866 
8.7866 
8.72x3 

+8.9160 
8.6634 
8.6689 
8.7698 
8.7053 

+0.6477 
0.495X 
0.4678 
o.58oo 
0.4238 

+8.8568 
+7.4699 
—7.8449 
+8.5784 
-8.3342 

+9.5x88 
—9.5923 
-9.7235 
+8.0469 
-9.8328 

—9.7792 
—8.6452 
+9.0x64 
—9.6495 
+9.4703 

— X.1622 
X.X620 
i.x6o4 

x.x596 

+9.8384 
9.8387 
9.84o5 
9.84x0 
9.84x3 

i56 

2 

8.8600 
8.7945 
8.8x97 

0.0343 
8.67x9 

8.8534 
8,7885 
8.8x74 

o.o45o 
0.4678 
0.6x82 
0.5876 
0.60x0 

—9.0058 
—7.8374 
+8.738X 
+8.6059 
+8.6637 

— 9.9x03 
—9- 7*34 
+9.3899 
+9-0945 
+9.3594 

+9.8x32 
+9.0090 
—9.7308 
—9.6639 
-9.6946 

1.1593 
1.X575 
i.i55o 

I.X547 
I.X528 

9.84x6 
9.8436 
9.8462 
9.8465 
9.8483 

i6z 
1 6a 
x63 
i64 
i65 

8.7800 
9.1913 
8.69a3 
8.7230 
8.6895 

8.7862 
0.X988 
8.7039 
8.7446 
8.7x34 

0.5846 
8.682a 
0.53x0 
0.401D 
0.5357 

+8.5793 
-9.1707 
+8.ao83 
—8.4x64 
+8.2335 

+9-0469 

-9.9089 
—9.2425 

-9.8664 
— 9.X827 

—9.6456 
+9.825X 
-9.3597 
+9.53x8 
—9.38x3 

I.X486 

I.X479 
I.X458 
X . i4o6 
I. 1395 

9.8525 
9.8532 
9.8552 
9.8600 
9.861X 

i66 
167 
16S 
169 
170 

9.0357 
8.6624 
8.65x0 
8.6769 
8.6814 

0.06x6 
8.6949 
8.6946 

8.7a47 
8.7302 

0.7x32 
0.4637 
0.494X 
0.5372 
+0.425X 

+8.9933 
-7.8746 
+7.3423 
+8.2233 
—8.2607 

+9.6700 
—9.7385 

ziX 

-9.8354 

-9.7938 
+9.0448 
-8.5x79 
-9.3707 
+9.4o3o 

I.I384 
I.X349 
X.X288 
X.X265 
i.xa59 

9.8621 
9.865X 
9.870a 
9.87ax 
9.8725 

171 
172 
173 
174 
175 

9.3889 
8.83x8 
8.7859 
9.0569 
8.6440 

9.4378 
8,8837 
8.8387 
0.XX89 
8.7077 

— 0.368X 

+0.6268 

0.3255 

9.8026 

o.5o8i 

-0.38x7 
+6.71x7 
-8.6248 
— 9.0224 
+7.8x36 

+9!4538 

"9.9195 
—9.9366 
—9.50x6 

+9.8x64 
-9.70x9 
+9.6604 
+9.7818 
—8.9849 

X.X259 
I.X243 
X.X237 
I.XX85 
1.X175 

9.8736 
9.8730 
9.8743 
9.8783 
9.8790 

176 
177 
178 
179 
180 

8.9321 
8.9166 
8.8757 
8.6398 
9.3xa3 

8.9067 
8.9850 
8.9465 
8.7x23 
9.3875 

0.6798 

0.6739 

0.6553 

+o.5xoo 

—0.2344 

+8.867X 
+8.8467 
+8.7887 
+7.8438 
—9.3026 

+9.6348 
+9.6228 
+9.5732 
—9.4862 
—9.9238 

-9.7498 
—9.7427 
—9.7242 
—9.0x43 
+9.7990 

X.XX71 
I.XX48 
I.XX34 

I.XX24 

Z.1X09 

9.8794 
9.88x0 
9.8820 

9.88a7 
9.8838 

i8i 
i8a 
i83 
i84 
z85 

8.8oao 
8.6268 
8.7903 
8.6250 
8.6485 

8.8783 
8.7x52 
8.889X 
8.7239 
8.75a5 

+0.62x9 
0.4726 
o.6a53 
0.4604 

0.422X 

+8.6695 
—7.6x57 
+8.6592 
—7.8634 
—8.2247 

+9.4335 
—9.7054 
+9.4568 
—9.7504 
-9.8439 

-9.6755 

+8.7897 
—9.6634 
+9.0328 
+9.3675 

I.ZI02 

z . xo3o 

1.0967 

9.8843 
9.889a 
9.8933 
9.8934 
9.8953 

186 
187 
188 
189 
190 

8.6xo3 
8.7248 
8.7714 
8.9419 
9.08x8 

8.7223 
8.8466 
8.8953 
9.0686 
9.2x43 

0  4870 
o.33a6 
0.6262 
0.7x27 
0.7906 

-5.7446 
-8.5397 
+8.6377 
+8.89x2 
+9.0565 

—9.6386 
-9.9293 
+9.4672 
+9.7XX9 
+9.79x4 

+6.9206 
+9.595X 
-9.645X 
— 9.7264 
—9.7482 

Z.0886 

x.o8a4 
I. 0810 
1.079a 
X.075X 

9.8983 
9.9019 
9.9037 
9.9037 
9.9060 

191 
19a 
193 
194 
195 

8.6666 
8.7253 
8.9685 
8.63x3 
8.6000 

8.80XX 
8.860X 
0.1066 
8.7699 
8.7390 

0.5728 
0.6069 
0.7320 
0.5495 
0.4586 

+8.3885 
+8.55i6 
+8.9260 
+8.2343 
—7.85x3 

+8.7497 
+9.3390 
+Q.7405 
-8.8645 
-9.7569 

-9.4939 
-9.5981 
-9.7271 

—9.3724 
+9.0204 

1.0742 
1.0740 
1.07x9 
1.07x5 
1.07x3 

9.9065 
9.9066 
9,9077 
9.9079 
9.9081 

196 

III 
199 
aoo 

8.6660 
8.63x6 
8. 6297 
8.6920 
+8.6269 

8.8059 
8.77x5 
8.7720 
8.8359 
+8.7714 

0.3771 
o.55o5 
o.55o4 
0.3480 
+0.5493 

-8.3953 
+8.a4o8 
+8.2372 

-8.4793 
+8.2272 

—8.8338 
—8.8704 

+9.4978 
—9.3777 
-9.3744 
+9.5531 
-9.3658 

1.0707 
—1.0677 

9.9084 
9.9084 
9.909a 
9.9097 
+9.9099 
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TabIle^  XXX. 


Catalooub  op  1500  Stabb. 


N<i. 

B.A.C. 

Mai- 

Right  AMMurioQ, 
Jan.  1,  1850. 

Arnrail 
V«ri«Uoa. 

Jan.  1, 1890. 

Aimvri 
VarlatfaiL 

20I 

1x66 

a5  Tatiii, 

ff 

3 

3  38  34. 56* 

+3.^2 

9      *       ^ 
66  ax  46. ?• 

—11.56 

302 

1 168 

26  Eridani, 

ir 

5 

39  .  3.23 

a.83o 

lOB  34  32.2 

xz.6i 

203 

XI74 

3o  Taori, 

€ 

5 

4o    2.99 

3.279 

79  19  ao.7* 

11.45 

204 

XX76 

27  Tauri, 

5 

4o  i5.o9* 

3.552 

66  24  35.0* 

11.44 

205 

xx8x 

27  Eridani, 

r* 

4i 

.  4o  23.78 

2.582 

ii3  4i  43.0  1     10.97 

206 

XX91 

28  Eridaoi, 

T»* 

5 

4z  ia.59» 

2.577 

1x4  ao  34.4* 

11.45 

207 

XX97 

Reticuli, 

4 

42  19.7X 

43  S.90 

0.703 

i55  16  46.5 

ir.47 

208 

"99 

Eridani, 

5 

2.220 

X28    4  5x.8 

XI.40 

209 

X20X 

Eridani, 

V« 

4 

43  5o.3o 

2.233 

126  39  26.5 

ii.i5 

2x0 

iao3 

Camelopaxdi, 

5 

44  i3.8i* 

5.197 

87    22   26.5* 

11.25 

211 

X207 

U  Persei, 

c 

3i 

44  4a. 86* 

3.755 

58  33  59.4* 

II.  i4 

212 

xaxx 

Ca88iope«i 

5i 

45  13.24* 

+9.565 

9  43  36.5* 

XI. 18 

2l3 

X2X5 

Hydri, 

5 

46  10. xo 

-0.445 

162  23  54.8 

IX. 06 

2l4 

xai6 

3a  Eridani, 

5 

46  45.82 

+3. on 

93  24    6.8 

II. OX 

2l5 

X2X7 

33  Eridani, 

T» 

5 

47   80.24 

2.556 

xx5     3  40.4 

10 .88 

8I6 

1219 

45  Peraei, 

f 

3* 

47  48 .65* 

3.997 

5o  a5  43.6* 

xo.ox 

217 

X820 

Eridani, 

V« 

6 

•  47  55. «9 

2.277 

X25  10  44.4 

218 

X228 

46  P^raei, 

1 

5 

49  14.57 

+3.869 
— i.o38 

54  38  43.9 

X0.79 

219 

ia3o 

Hydri, 

y 

3 

49  39.76 

i64  4i  53.0 

10.87 

220 

1234 

34  Eridani, 

r 

ai 

5 I     i.93» 

+2.796 

xo3  56  19.7* 

io.6o 

221 

1241 

35  T^nri, 

X 

4 

5a  22.49* 

3.3x5 

77  56  i5.«f 

io.6i 

222 

1243 

36  Eridani, 

f* 

5 

53  31.92 

2.555 

xx4  a6  42.0 

10. 52 

223 

X245 

35  Eridani, 

5 

53  56. X9 

3.034 

91  58  27.3 
84  25  5x.o 

10.43 

224 

xa5i 

38  Tanri, 

V 

5 

55  Z0.90 

3.X85 

10. 38 

225 

xa54 

47  Pteaoi, 

X 

4i 

55  25.8a* 

4-43X 

4o    3  4i.5* 

io.3i 

226 

1257 

37  Tauri, 

A} 

5 

55  5o.o3* 

3.534 

68  19  57.2* 

io.a8 

227 

1200 

Reticuli, 

6 

5 

56  23.41 

0.954 
4.326 

i5i  49  34.7 

9.99 

228 

48  Peraei, 

€ 

5 

57  47.^* 

42  4i  36.9* 
i52  34  4a. 5 

10.  i4 

229 

1270 

Reticuli, 

7 

5 

58  44*36 

o.83i 

10.24 

23o 

127X 

Reticuli, 

I 

5 

58  54:.o5 

0.986 

i5i  3o    3*7 

9.95 

23z 

1287 

5i  Peraei, 

f* 

4i 

4    3  53«99* 

4.372 

4i  58  3o.o« 

97  x3  58k0 

9.67 

232 

X290 

38  Eridani, 

o^ 

4^ 

4  32;77 

2.922 

9-74 

233 

Z291 

52  Peraei, 

/ 

5 

4  4x^49 

4.059 

49  54    8.8 

9.60 

234 

1299 

Horologu, 

d 

5 

5  47.66 

2.027 

x3a  23  i4;5 

9.65 

235 

i3oi 

Peraei, 

*» 

5 

6  58.98 

4.48x 

4o    4  47»o 

9.44 

236 

x3o3 

39  Eridani, 

A 

5 

7  J5.73 

2.85x 

100  87  57*8 

9.89 

237 

x3o4 

49  Tauri, 

f^ 

.5 

•     7  23. 5i 

3.25o 

8x  89  14.2 

07  '53  23.5 

xSa  39  57.2 

9.44 
5.94 

238 

1 309 
x3i5 

4o  Eridani, 

o« 

Ak 

8  22.16 

2.763 

239 

Horologii, 

a 

.5 

9      2rfl3 

1.992 

9.19 

a4o 

1 326 

52  Tauri, 

^ 

5 

11     8.i5 

3.673 

63    0  44.3 

9«i3 

i4i 

1 328 

54  Tiuri, 

r 

3i 

II   15,75a 

'  3.407 

7444  81.1* 

9-14 

/a4a 

x33x 

Doradte, 

r 

4 

•   12    6.08 

1.556 

l4l    52  :  0.4 

9^34 

243 

1 333 

4z  Eridani, 

t^ 

3i 

12  12.96* 
12  3o.33 

2.264 

124  «o    6.4* 

9.07 

244 

i336 

Reticuli, 

a 

3i 

0.745 

i52  5i     4.8 

1:5^ 

245 

i344 

Reticuli, 

e 

5 

i3  54.12 

1.008 

x49  39  ;53.9 

246 

x346 

6x  Tauri, 

^ 

4 

i4  i7«36* 

3.45o 

72  48  5o.i* 

tt 

247 

i348 

Horologii, 

5 

i4  32.37 

1.907 

i34  37  48*9 

248 

x356 

64  Tauri, 

d« 

4i 

I 5  27.26* 

3.451 

72  54  89.2* 

8.83 

a49 

x358 

Reticdi, 

e 

5 

16    0.90 

0.683 

x53  37  10.4 

9.03 

— -  8.74 

25o  1 1 365 

68  Tauri, 

d» 

5 

4  x6  49. ox* 

+3.464 

72  b5    9.x 

Taalb  XXX. 
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ATALOOUE    OP 

1500  Stars. 

No. 

a 

b 

c        1         d 

«' 

y 

c' 

rf' 

aoi 
ao2 

ao5 

+S.62U 
8.5956 
8.5900 
8.6197 
8.6197 

+8.7734 

8.7466 
8,7761 

+0.5500 
o.45i3 
o.5i55 
0.55OI 
o.4i33 

+8.2275 
-7.9335 
+7.8578 
+8.2220 
—8.2238 

-8.8488 
—9.7791 

—9.8615 

-9.3655 

+9-0991 
-9.0263 
—9.3602 
+9.3616 

-I.0646 
1.0634 
1.0607 
I . 0601 
1.0597 

+9.9x15 
9.9181 
9.9134 
9.9137 
9-9x39 

ao7 
ao8 
ao9 

8.6197 
8.9548 
8. 6780 
8.6676 
8.9083 

8.7793 

l!845^ 
8.8380 
9.080a 

o.4io5 
9.8392 

0.3433 
o.35i4 
0.7171 

—8.8348 
—8.9130 
—8.468a 
—8.4436 
+8.8567 

—9.8659 

9.9689 
-9.9303 
-9.9257 
+9.7301 

+9.3704 
+9.7105 
+9.5403 
+9.5240 
-9.6954 

1.0575 
i.o544 
x.o534 
1 . o5o2 
r. 0498 

9.9x50 

9.9x64 
9.9x74 
9.9x84 
9.9189 

an 
aia 
ai3 
ai4 
ai5 

8.6384 
9.3404 
9.6848 
8.5644 
8.6049 

8.8ia3 
9.5i63 

9.a647 
8.7467 
8.7896 

0,5740 
+0.9805 
•^9-.  6488 

+0-4777 
o.4o6i 

+8.3557 
+9.3341 
—9,0639 
-7.3377 
— 8.23i8 

—9.8737 

-9.4628 
—9.7379 
+9.7206 
+8.5i3o 
+9.3650 

1.0478 
i.o464 
I.0436 
i.o4io 
i.o463 

9.9195 
9.9801 
9.9313 
9.9331 
9.9388 

8l6 

ai7 
ai8 
219 
aao 

8.6786 
8.6478 
8.6449 
9.1338 
8.5640 

«.86o3 
8.8350 
8.8376 
9.3a8o 
8.7648 

0.6017 

0.3580 

+0.5876 

—0.0197 

+0.4456 

+8.4778 
— 8.4o83 
+8.4073 
— 9.1181 
-7.9458 

+9.3999 
—9.9231 

+9.la4a 
-9.9671 
-9.7956 

—9.5409 
+9.4968 

+;:7?5l 

+9.1089 

1.0889 
1.0385 
1.0347 
i.o335 
t . 0394 

9.9334 
9.9335 
9.9351 
9.9366 
9.9373 

aai 
aaa 
aa3 
aa4 

285 

8.5567 
8.584a 
8.54a5 
8.5404 
8.7389 

8.76a5 

8.7949 
8.7549 
8.7581 
8.9477 

o.53o3 
0.4071 
0.4816 
o.5oa7 
0.6465 

+7.8768 
— 8. 2010 
—7.0796 
+7.5a^4 
+8.6128 

—9.3937 
—9.8736 
— 9 . 6657 

— 9-54j»7 
+9-5748 

—9.0432 

+9.3363 
+8.2555 
—8.7014 
-9.5975 

I. 0353 
I. 0318 
i.oaoS 
I. 0166 
1.0159 

9.9389 
9.9303 
9.9307 
9.9331 
9.9334 

aa6 

8.5681 
8.8604 
8.6988 
8.8637 
8.8478 

8.7886 
9.0833 
8.9877 
9.0968 
9.0816 

0.547a 

V&l 

9.9274 
9.9749 

+8.I354 
-8.8057 
+8.5651 
— 8.8i2o 
-8.7917 

—8.9390 
-9.0829 
+9.5298 
-9.985. 
—9.9850 

+9!6558 
—9.5724 
+9.65i3 
+9.6465 

1.0x46 
1.0128 
1.0084 
i.oo53 
1.0048 

9.9351 
9.9361 
9.9863 

aSi 
aSa 
233 
234 
935 

8.6845 
8.5III 
8.6a35 
8.6349 
8.6903 

8.9408 
8.7698 
8.88a8 
8.8998 
8.9600 

o.64o5 
0.4657 
0.6082 
o.3oo8 
o.65o3 

+8.5557 
— 7.6111 
+8.43a4 
—8.4636 
+8.5741 

+9.5561 
—9.7330 
+9.3661 

+9;l963 

—9.5571 
+6.7837 
—9.4922 
+9.5081 
-9.5590 

0.988X 
0.9859 
0.9854 
0.98x6 
0.9774 

9.9417 
9.94*4 

9.94a5 
9.9437 
9.9449 

236 

940 

8.5o57 
8.5oa5 
8.49«3 
8.6253 
8.5348 

8.7766 
8; 7740 
8.7743 
8.9044 
8.8a3o 

0.4548 
o.5ii5 
0.4634 
0.2967 
0.5654 

—7.7717 
+7.6738 
—7.6359 
—8.4564 
+8.1911 

-9.7708 
—9.4752 
— 9«74i3 
—9.9633 
+8.3379 

+8.9403 
-8.8441 
+8.8079 

+9.4989 
-9.3171 

0.9765 
0.9760 
0.9726 
0.970X 
0.9635 

9.945a 
9.9453 
9.9463 
9*9470 
9.9490 

94l 
849 
943 
.44 

945 

8.4993 
8.6900 
8.56a4 
8.8198 
8.7705 

8.7887 
8.9833 
8.8563 
9.ii5o 
9.0723 

0.5309 
0.1911 
0.3544 
9.8721 
O.OII3 

—8.3119 
—8.7691 
—8,7065 

—9.8662 
—9.9863 
—9.9344 
-9-9964 
-9.9963 

—9.0801 
+9.5534 
+9-4o57 
+9.6045 
+9.5860 

0.9630 
0.9689 
0.9684 
0.9674 
0.953X 

9.949a 
9.9600 
9.9601 
9.9604 
9.9617 

946 

947 

948 
a5o 

8.49aa 
8.6191 
8.4875 
8.8180 
+8.4833 

8.7958 
8.9339 
8.7967 
9.1399 
+8.7991 

0.5367 
0.2760 
0.5365 
9.8x14 
+0.538I 

+7.9637 
—8.4658 
+7.9557 
—8.7703 
+7.9«34 

—9.1761 
-9.9723 
-9.1787 
-9.9991 
— 9.i5i4 

—9.1190 
+9.4941 

— 9. 1183 
+9.5940 
—9.1187 

0.9607 

0.9497 

0 . 9463 

0.9440 

— 0 . 9409 

9.9631 
9.9633 
9.9683 
9.9537 
+9.9544 
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TiLBLB    XXX: 


Catalogue  of   1500  Stars. 


N. 

B.A.C. 

CouteUation. 

Mag. 

Rigbt  Aaeeosion, 
Jan.  1, 1850. 

Annual 
Variation. 

North  Polar  Diat., 
Jan.  1, 1850. 

Aannal 
Variation. 

aSi 
262 
253 
254 
255 

1 367 
1370 
1372 

1376 

i38o 

69  Tauri, 

73  Tauri, 
43  Eridani, 

74  Tauri, 
77  Tauri, 

IT 

3i 
4i 

k,    m.      9. 

4  17  20. 3o* 
x8     8. XI 

18  24.35 

19  5x.70» 

20  0.55* 

+3.579 
3.38o 

2.254 

3.494 
3,4i3 

67  3i  53. i» 
75  37  48.5 

Z94    22    10. 0* 
71      9  95.1* 
74  22  3x.5* 

—  8.66 
8.59I 

8.59: 
8.47 
8.47 

256 
257 
258 
259 
260 

i3di 
x383 
1409 
i4i3 
1419 

78  Tauri, 
Reticuli, 

86  Tauri, 
C«H, 

47  Eridani, 

n 
p 

6 

4i 

so    6.i8* 
20  16.91 
a5  20. 4x* 
26  14.77 
96  58. 23* 

3.430 
0.619 
3.402 
1.841 
2.888 

74  28     O.O* 
i53  44  34.4 

75  28  33. o* 
i35  16  41.7 

98  39  57.7* 

8.46 
8.79 
8. OS 
8.08 
7.99 

a6i 
262 
263 
264 
265 

l430 
l42I 
1422 
1439 

z433 

87  Tauri, 

88  Tauri, 
5o  Eridani, 
48  Eridani, 
52  Eridani, 

-a 
d 

V 

4i 
3* 

27    19. 12* 

27  24.85 

27  37.56 

28  49.69 

29  43.40 

3.436 
3.285 
2.35i 

73  47  49.0* 
80    9    4.7 

I90      4    30.5 

93  39  46.8 

I90    52    23.7* 

7.74 
7.83 
7.64 

7-77 
7.67 

266 
267 
268 
269 
270 

1434 
1 438 
i44i 
i442 
1449 

90  Tauri, 

Doradtks, 
53  Eridani, 

93  Tauri, 

94  Tauri, 

a 

T 

4 

29  46.75 

30  45.81 
3i   18.87 
3x  42. 69* 
33  i4.84» 

3.35o 
1.289 
2.746 
3.336 
3.592 

77  47  3o.8 
i45  91  25.4 
io4  36    3.0 

78  6     1.9 
67  20    8. 4* 

7.68 
7.61 
7-4i 
7.57 
7.4x 

271 
272 
273 

275 

i45i 
i456 
i458 
i464 
1469 

54  Eridani, 
4  Camelopaidi, 

Casli, 

C«li, 
57  Eridani, 

a 

4i 

33  53.01 
35  3i.65» 

35  43.95 

36  45.55 
38     0.43 

9.623 
4.960 
1.930 
2.122 
3.001 

109  57  48.3 

S3  3o  58.0* 

i39     9    9.0 

197  96  95.3 

93  39    0.3 

7.95 
7.09 
7.16 
7.32 
7.03 

276 
277 
278 

280 

1473 
1474 
i486 
1491 
1495 

Pictoria, 
9  Caxnelopardi, 

1  Orionitf, 

2  Orionis, 

3  Orionis, 

X 

a 

It* 

38  55.97 

39  9.42* 
4i  4s. i5 

42  s6.6i 

43  x3.3o 

I.53X 
5.906 
3.258 
3.272 
3.194 

x4o  45  55.1 
93  55  x3.7» 

83  18  18.7 
8x  9X  41.7 

84  39  99.8 

7.06 
6.95 
6.71 
6.63 
6.56 

281 
282 
283 
284 
285 

x5oo 
x5o4 
i5o7 
i5i4 

1 520 

4  Orionis, 

7  Camelopaidi, 
6x  Eridani, 

8  Orionis, 
3  Aurigs, 

t 

4i 

44  3.o6» 

45  16.57 

45  31.69 

46  26.51 

47  i3.87» 

3.388 
4.785 
2.946 
3.122 
3.895 

76    0  i4.8» 
36  99  4x.4 
95  43  28.7 
87  48  32.4 
57    4  37.7* 

6.47 
6.49 
6.41 
6.33 
6.95 

286 
287 
288 
289 
290 

1 525 
x53o 
x532 
x536 
1 540 

9  Orionis, 

4  AurigaB, 

Mensae, 

xo  Caxnelopardi, 

7  AurigK, 

0« 

e 

4i 

47  56. 48* 

49    4.77 

49  25.09 

50  5 . 72 
5i  12.91* 

3.370 

+4.o58 

— 2.322 

+5 .303 
4.391 

76  43  38. o» 
52  20  3o.8 
z66  34  99.9 
99  47     5.9* 
46  94  16. 7» 

6.z6 
6.09 

5.89 

6.00 
5.93 

291 
292 
293 
294 
295 

x54i 
i544 
1 546 
i55i 
i552 

8  Aurige, 
63  Eridani, 
IX  Caxnelopardi, 
102  Tauri, 
65  Eridani, 

4^ 

52       O.II* 

52  44.67 

53  7.18 

54  8.02* 

54  10  09 

4.X81 
2.840 
5.184 
3.58X 
9.906 

49    8  56.9* 
100  99  X9.7 
3x  i4  39.5 
68  37  45. 8» 
97  93  52.8 

5.86 
5.68 
5.76 
5.65 
5.69 

296 
297 
298 
299 
3oo 

x554 
x557 
1 558 
x559 
x565 

9  Aurign, 
XI  Orionis, 
10  AurigB, 

Leporis, 

Caxnelopardi, 

V 

5 
5 
4 
5 
5 

54  56.4a 
56    o.o7« 
56    o.3o* 
56    3.90 
4  57  55. o3 

4.678 
3.494 
4.195 
9.438 
+9.671 

38  36  97.7 
74  48  34.9* 
48  58  98.9* 
X16  99  96.7 
10  57  94.9 

5.47 

5.44 
—    5.49 
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No. 

Logarlthnw  Of 

Logarithnui  of                             | 

a 

b 

e 

d 

of 

1/ 

c' 

d' 

25l 

85a 
a53 
854 
255 

+8.4948 
8.4712 
8.5396 
8.4743 
8.4662 

+8.8i3i 
8.7933 
8.8631 
8.8o5o 
8.7976 

+0.5526 
0.5289 
o.35ix 
0.5421 
0.5327 

+8.077X 
+7.8659 
-8.29x3 
+7.9835 
+7.8965 

— 8.752 X 

— 9.2929 
—9.9386 
—9.0723 
— 9.24OX 

— 9.2189 
— 9.0282 
+9.384X 
— 9.X357 
—9.0562 

—0.9388 
0.9357 
0.9346 
0.9287 
o.9a8x 

+9.9549 
9.9556 
9.9559 
9.9673 
9.9673 

856 
a57 
258 
259 
260 

8.4656 
8.8029 
8.4416 
8.576a 
8.4a5a 

8.7974 
0.1356 
8.7999 
8.9391 
8.7920 

0.5324 
9.7873 
0.5299 
0.2629 
o.46o3 

+7.8034 
-8.7556 
+7.8409 
—8.4377 
—7-5974 

—9.2438 
— 0.0223 
—9.2797 
—9.98X1 
—9.7526 

-^.o534 
+9-5775 
— 9.0039 
+9.45x2 
+8.7686 

0.9378 
0.9270 
0.9058 
0.90x8 
0.8987 

9.9574 
9.9675 
9.96x9 
9.9636 
9.963a 

a6i 
262 
263 
264 
265 

8.4364 
8.4348 
8.4803 
8.4i3o 
8.4744 

8.8o5o 

\-& 

8.7895 
8.8557 

0.5350 
o.5x64 
0.3726 
0.4759 
0.3678 

+7.882X 
+7.6580 
—8.x  802 
—7.2184 
—8.1846 

—9.2047 
—9.4319 
—9.9324 
—9.6920 
-9.9375 

—9.0406 
—8.8276 
+9.2935 
+8.3936 
+9-2943 

0.897X 
0.8967 
0.8958 
0.8904 
0.8863 

9.9635 
9.9636 
9.9637 

9.9647 
9.9654 

266 
267 
268 
269 
270 

8.4177 
8.6485 
8.4i5o 
8.4o83 
8.4265 

8.7993 
9.0354 
8.8o48 
8.8oo3 
8.8269 

0.5235 
0.1074 
0.4390 
0.5227 
0.5550 

+7.7438 
—8.5638 
-7.8x65 
+7.7326 
+8.0X23 

—9.3597 
— 0.0034 

— 9.8x5x 
—9.3683 
—8.6374 

— 8.9090 
+9.4946 
+8.9783 
-8.S892 
-9.1535 

0.8861 
0.8816 
0.8790 
0.8772 
0.8699 

9.9654 
9.9663 
9.9669 
9 . 9669 
9.968X 

271 
272 

.73 

874 

875 

8.4i55 
8.6385 
8.5095 

8.4747 
8.3690 

8.8194 
9.o5i6 
8.9238 
8.8948 
8.7963 

0.4181 
0.6949 
0.2881 
o.325o 
0.4762 

-7.9488 
+8.5595 
—8.3363 
-8.2585 
-7.1588 

—9.8606 
+9.7309 
—9.9768 
—9.9604 
-9.6909 

+9.0979 

—9.4777 
+9.38a4 
+9-3344 
+8.3341 

0.8669 
0.8589 
0.8579 
0.8538 
0.8465 

9.9686 
9.9698 
9.9700 
9.9707 
9.97x6 

276 

877 
378 
879 
880 

8.5634 
8.7543 
8.3520 
8.35oo 
8.3427 

\A 

8.80X0 

8.8o35 
8.8oxo 

o.x86o 
0.7708 
0.5077 
o.5x35 
o.5o36 

-8.45x5 
+8.7x53 
+7.4186 
+7.5266 
+7.3n8 

— o.odo5 
+9.8337 
—9.5068 
-9.4583 
—9.5367 

+9.4286 

-9-4993 
—8.59x7 
—8.6978 
—8.4860 

o.84i8 
o.84o5 
0.8373 
o.8a33 
0.8X9X 

9.973a 
9.9734 
9.9743 
9.9746 
9-9763 

a8t 

888 

883 
884 
885 

8.3494 
8.5551 
8.3302 
8.3232 
8.3944 

8.8127 
9. 0262 
8.8027 
8.8ox5 
8.8777 

0.5297 
0.6797 
0.4689 
0.4940 
0.5903 

+8!46o3 
—7.3279 
+6.9056 
+8.X296 

— 9.2842 
+9.7020 
-9.72x1 
-9.599X 
+9.X818 

—8.8959 
—9.4108 
+8.5ox8 
—8.0814 
— 9.2296 

o.8x46 
0.8078 
0.8064 
o.8oxa 
0 . 7967 

9.9767 
9.9766 
9.9767 
9.9773 
9.9777 

886 
887 
888 
889 
390 

8.3260 
8.4090 

8.4348 

8.8x38 
8.9042 
9.4372 
9.X073 
8.9443 

0.5277 
+0.6078 
-0.3555 
+0.7242 

0.632X 

+7.6870 
+8.X950 

+8^5438 
+8.2734 

—9.3098 
+9.377X 
— 0.0XX9 
+9.7869 
+9.5371 

—8.85x3 
—9.2696 
+9-4696 
—9.4x60 
—9.3093 

0.7935 
0.7859 
0.7839 
0.7798 
0.7730 

9.9783 
9.9789 
9.9791 
9.9795 
9.980X 

391 
393 
393 
894 
895 

8.4111 
8.2925 
8.5679 
8.3073 
8.2798 

8.9357 
8.8ia3 
9.0903 
8.8367 
8.8094 

o.6ao8 
0.4524 
0.7x44 
0.5530 
0.4630 

+8.9267 
—7.5526 
+8.4999 

+9.4731 
-9.7788 
+0.7736 
—8.7372 
-9-7434 

—9.28x6 
+8.72x4 
-9.3909 
—9.0x41 
+8.562X 

0.7681 

0.7635 
0.7612 
0.7547 
0.7546 

9.9806 
9.98x0 

9.98x3 
9.9818 
9.98x8 

396 
897 
398 
399 
Soo 

8.4760 
8.2797 
8.3866 
8.3x20 
+8.9725 

9.0x10 

8.8322 

-I-9.5-889 

0.6701 
0.5340 
0.6221 
0.3856 
+0.9879 

+8.3689 
+7.6980 
+8.2038 
—7.9614 
+8.9645 

+9.6807 
— 9.2335 
+9.4833 
—9.9x23 
+9-9363 

—9.3402 
-8.8587 
—9.2575 
+9.0893 
—9.4x95 

0.7495 
0.7426 
o.74a5 
0.7431 
— 0.7397 

9.9833 
9.9838 
9.9838 
9.9839 
+9.9839 
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No. 

B.A.C. 

Mag. 

AlftitAMeiialoii, 
Jaa.  1, 18S0. 

Aumal 
TariatiOD. 

NorciL  Polar  IHit., 
Jan.  1, 1890. 

Vsriatkn. 

3oi 

1573 

Cttli, 

r* 

5 

Am.        «. 

4  59    0.80 

+8. 1 53 

0      '        ^ 
185  4i  39.3 

-  5.ao 

3oa 

1575 

3  Leporis, 

e 

4 

59    6.74» 

+i.538 

iia  34  34. i« 

5.33 

3o3 

i587 

MenBc, 

4i 

5    0    o.i5 

-1.533 

i65  lo    3.1 

4.91 

3o4 

1 588 

67  Eridani, 

fi 

3 

0  a8;73 

+*.948 

^^o?  .i"7 

5.07 

3o5 

1591' 

i5  Orionia, 

5 

I     7.o4» 

d.43o 

74  35  56.4* 

5.13 

So5 

1597 

69  Eridani, 

X 

4 

I  58.36 

a. 873 

98  57     1.7 

5.00 

3o7 

i6oo 

DoradikB, 

C 

5 

a  56.53 

1. 001 

i47  4o  45.3 

5.10 

3o8 

1 60a 

II  Aurign, 

fi 

5 

3  xo;09 

4.094 

5i  4i  55.8 

4.86 

3o9 

1608 

3  Leporia, 

I 

4^ 

5  18.17 

llts 

103     3  13.7 

4.72 

3io 

1611 

17  Ononifl,   • 

P 

5 

5  37.16 

^7  19  18.7 

:  4.7a 

3n 

1613 

DoradikB, 

/« 

5 

5  35.19 

.o.5i4 

i58    0    9.7 

4.a4 

3ia 

i6i3 

1 3  Aurige, 

a 

I 

5  36:97* 

4.489 

•44    9  39.4* 

4-3o 

3i3 

i6i4 

i4"Aurig», 

5 

5  38.73* 

tin 

57  39  3o.o* 

4.73 

3i4 

1616 

5  Leporia, 

ft 

5 

6  11.59^ 

106   33    18.3* 

4.66 

3i5 

1617 

4  Leporia, 

K 

5 

6  18.39 

8.770 

io3     7  81.3 

4.64 

3i6 

1633 

19  Orionia, 

fi 

I 

7  19.86* 

8  35.61* 

8.884 

98    88   45.3* 

5o    a  36.4* 

4.56 

3i7 

i63i 

1 5  Anrige, 

A 

5 

•4. 310 

3.80 

3i8 

i638 

30  Orionia, 

'T 

4 

to  19.58 

8.916 

97    0  39.1 

4.a8 

319 

i65o 

Columbc, 

0 

5 

13    4.55 

8.163 

135    3  46.1 

3.66 

3ao 

i653 

6  Leporia, 

X 

4^ 

IS  39.98* 

+«.7M 

so3^ao,    S.a 

4.09 

3ai 

1659 

Doradto, 

0 

5 

i3  53.59 

^0.075 

+6. 163 

167-31  i5«8 

4.07 

3a3 

166S 

33  Orionia, 

m 

5 

i4  67iia* 

6&.36  i6.3t 

3.91 

323 

1673 

Pictoria, 

C 

5 

i5  AiM 

.f.45^ 

i4o  46    8.3 

4. II 

324' 

1681 

113  Taori, 

P 

3 

16  48.80* 

.3.791 

61  3i  39.5* 

3.57 

325 

1684 

38  Orionia, 

^ 

4^ 

'•16. 56.83 

.e.of4 

.98  33  aa.6 

.3,73 

326 1 

1687 

34  Orionia, 

% 
7 

3 

li;    5.3i* 

< ' 3.330 

*83  47  ^7.7* 

3,7« 

327 

1690 

34  Aurigw, 

^ 

5 

i7'4a.5i 

3.974 

55  39  37.9 
68  II  47.5* 

3,63 

328 

1695 

ii4  Tauri, 

0 

5 

16  37.61* 

3.603 

3.63 

329' 

1700 

3o  Orionia, 

r 

5 

16  68.87 

.3.143 

87    3  18.8 

3.56 

33o 

1704 

Pictoria) 

K 

5 

19  36.53 

'1.1X3 

i46  16  5o^9 

3.1s 

33i 

1706 

CamelopaTdt, 

5 

19  45.79 

•8.003 

i5    4    a.4* 

3.5o 

332 

1715 

9  Leporia, 

P 

4 

31  49-19* 

a.  573 

no  53  56.3 

3.s5 

333 

334 

1717 
1733 

3 1  Orionia, 
33  Orionia, 

A 

5 
5 

a3    7.09 
33  45.58* 

3.046 
.3.308 

01   13  53.8 
84  10  16.9* 

3.36 
3.sa 

335  i 

1733 

35  Aurigce, 

X 

5 

aa  57.71* 

.3.905 

67  55  37.3* 

^3.«7 

336 

1730 

34  Orionia, 

d 

a 

34  80.73* 

.3.066 

90  34  53.1* 

:  3.07 

337; 

1781 

36  Orionia, 

V 

S 

34  40.70 

a.  905 

97  34  58.8 

3.07 

338 

1739 

Colnmbv, 

e 

4 

35  53.31 

.3.x3i 

1^5  35     3,6* 

8.85 

339 

1741 

II  Leporia, 

a 

3i 

36    6.96* 

, .8.648 

107  56    0.7* 

3.96 

340 

1748 

37  Orionia, 

f 

4i 

86  35.a6 

.3.391 

80  37    O49 

a. 89: 

34i 

1749 

39  Orionia, 

X 

4 

'    36  68.73 

3.3o3 

80  10  18.4 

8.85 

343 

1756 

Golambv, 

5 

87  47.53 

3.0I3 

188  37  ai.5 

a. 81 

343 

1759 

43  Orionia^ 

e 

5 

37  59.34 
88    5.91 

^•95f 

94  56  3o.3 

a. 78 

344 

1763 

44  Orionia, 

i 

Si 

a. 936 

96    0  45.3 

a.77 

345 

1765 

46  Orionia, 

e 

ai 

38   36.33* 

3.044 

91  x8    8.3* 

a. 73 

346 

1766 

4o  Ori^ia, 

^ 

4f 

a8  4o.i4* 

3!  585 

804744.6* 

a>4a 

347 

1767 

133  Taori, 

^ 

3i 

36  40.97* 

68  57  i4.9» 

3«7I 

348 

1768 

36  Aurigtt, 

5 

A9    0.35* 

3.846 

59-36.  8.1* 

a.69 

349    1780 

48  Orionia, 

0 

4 

3i  i3.o8 

.  3.010 

93  4i  ad. 3 

a.5o 

35o    1785 

49  Orionia, 

d 

5 

5  3i  37.71* 

4-3.903 

97  i8    4.I* 

-  a.4a 
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I<9gsrtthmB  of 


No. 


Logarithma  of 


V 


3o^ 
3o^ 
3<)3 
3o4 
3o^ 

3oQ 
3o7 
3o3 
3q9 
3xQ 

3u 
3ii» 
3i3 
3i4 
3i5 

3x6 
3i7 
3x8 
3x9 
3aQ 

3a4 

342^ 

323 
334 
3a5 

.3aa 
337 
3a9 

339 

3ao. 

33< 
332 
333 
334 
335 

336 
337 
338 
339 
34a 

34z 
342 
343 
344 

345 

346 

347 
348 

349 
35o 


+8.3.342 
8*2778 
8. 8387 
8.3354 
$.344$ 

8;338p 
$.4875 
8.3x91 
8.3072 
8.X969 

8.5238 
8.3521 
8.269Q 
^.2086 
d.apta 

8.186)1 
8.2866 
8.x5o7 
8.2980 
$.1477 


8.539X 
8.XI54 
8.3o65 
ii525 
8.0957 


8.0963 

8.1707 
8.1X03 
d.0750 
$.3234 

8.6513 
8.0731 
8.o4o3 
8.o35x 
d.ioa4 

8.ox4i 
$.0x37 
8io848 
8.0x38 
7.99x9 

7.9887 
8.0775 
7 . 9602 

7 


+8,8987 
8 .8430 
9«4qo6 
8»8ixo 
i8«8253 

8.8i52 
9,08a? 
8,9157 
8.8a;i 
8,8x2p 

0,1400 
8«96d^ 
8.8856 
8 « 8298 
8«8234 

8.8i7< 

8.0284 

8,8169 

6«90X3 

8 


.961 
.9594 


7.9640 
7.988X 
8.0180 
7 . 9222 
+7'9'90 


+o,33ia 
+Q*4o38 

0.2567 
+0.4700 

0.5349 

0.4574 
.0.0097 
o.6i2a 
0.4461 
0..4957 

9.7068 
0.6443 
Q.5909 
0.4995 
0.44^ 


265  + 


459a 
6194 
4639 
.333x 
>44io 


7^8.1003 
■7-7. 8620 
—8.8139 
—7.1996 
+7.6690 

T-7.4aoo 
8.4x44 
+8.11x4 
—7.5270 
+6.8664 

8. 4697 
+8.2079 
+7.9993 
—7.6590 
—7.5573 

—7-3496 
+8..  0943 
— 7.a463 
— 7.087X 
—7.5106 


0.2296 

8,8x62 
9.0x47 
8,d7M 
8,8j^6 

818188 
8,8997 
6.8490 
8.8175 
9.0727 

9«4oa3 

8.8474 
8.8x8x 
8,83o4 
8.8908 

8.8186 
8.8334 
8.9089 
8.84o8 
8.835i 

8.8358 
8.9368 
8.83x3 

8.833X 

8.8x99 

8.8355 
8.8498 
8.884X 
8.83x0 
+8.8341 


— 8^84so 

+0.498X 
Q.x654 
O.577B 
0.4789 

o..5o7,o 
o.^5o86 
0.5559 
0.4968 
.Q.o4o8 

0.90x0 

0.4^95 

0.4833 

o.5o5 

o.5( 

0.4859 
0.463a 
0.3373 
o.42ao 
0.5171 

o.5i85 
OH.3o3d 

0.4707 
0.4670 

0.4830 


-9.9616 
— 9.887 j 
p. 0190 
-9.7169 
— 9.3082 

— 9.7639 
^0.03 16 
+9.4153 
—9.7976 
—9.5889 

— 0.O36j 

+9.5966 
+9-»94b 
—9.8393 
—9.8085 

—9.7568 
+9.4678 
9.7403 
—9.9634 
—9.8116 


— 8.5o43   — 
+6.8879  y— I 


-a.  1951 


+7.83o8    +8-9385 


— 6.7433 

+7.i3o4 
+7.9331 
+7.6803 
+6.7883 


o3oo 
9.5743 


—0.0x48 


—9.6785 

9.5xao 
+0.3939 
—8.5740 
— 9 . 5837 


—8.3434     — 0.O353 


+8.6360 
— 7.6a5i 
—6.3667 
+7.0418 
+T.a«75 

—5.8740 
—7. 1346 
—7.8496 

— 7 . 5o33 

+7.2043 

+  7.8310 
—7.8738 
—6.9045 

—6.9887 

—6.3x59 


5539+7 


o.5i66 
o 
o 

0.4783 
+0.4635 


+9.9333 

-^.6678 
— 9.5306 
+9.1943 

—9.6446 
—9.7466 
—9.0677 
—9.8558 
•9.4264 

— 9.4136 
— 9.9809 
—9.7x40 
—9.7386 
—9.6594 

—9.431  J 


►  +7.1680  —9.43x3 

^+7.5434  —8.6930 

1+7.783X  +9.X043 

i— 6.6938  —9.68x3 

.oa3i  ||— 9.    '"" 


585a +7 


7456 


+9.1859 
+9.0034 
+9.3983 
+8.3739 
8.8398 

+8.5908 
+9.3x85 
—9.1833 
+8.6934 
— 8.p4ao 

+9.3174 
— 9.8870 
ioi4 
+8.8171 
+8.7349 

+8.5au 
.1549 
+8.419X 
+9.0763 
+8.6749 

+9.8668 
— 8.o63a 
+0.1787 
—8.9609 
+7.9x79 

— 8.3o39 
— o.ox5o 
— 8.884o 
7.9637 
+9.1639 

—9.3370 
+8.7716 
+7«M97 
— 8.8x57 
8.9316 

+7.o5oi 
+8.3070 
+8.9360 
+8.6566 
-8.3745 

8.3906 

+8.9417 
+8.0769 

+8.1634 
+7.4919 

—8.3385 
—8.6895 
— 8.834o 
+7.7605 
+8.195' 


-0.7831 
0.7314 
0.7x62 
0.71x8 
0.7072 

0.7010 
0.6939 
0.6932 
0.6769 
o. 6747 

0.6737 
0.6734 
0.6733 
0.6689 
0.6680 

0.6697 

0.6494 
0.6348 
0.6194 
o.6i4x 


0.6039 
0.6939 

0.6868 
0.6748 
0.6736 


0.578X 
0.5658 
6.6664 
0.6587 
0.546x 

0.5444 
0.63x9 
0.6x86 
o.5iix 
0.6087 

0.4934 

0.4884 
0.4733 
0.4704 
0.4644 

0.4606 
0.4486 
0.4469 
0.4444 
0.4376 

0.4367 
0.4366 
o.43ao 
0.4000 
-0.3938 


+949844 
9,9845 
9,9849 
9,9185a 
9*9855 

9.9669 
9.9864 
9,9866 
9.9875 
9.9876 

9.9876 
9.9677 
9,9877 
9.9879 
9^9680 

9,9884 
9.9890 
9.9897 
9.9904 
9,9907 

9-99»a 
9.9916 
9,9918 
9.9933 
9.9933 

9^99^3 
9^99?6 
9,9939 
9,9930 
9,993a 

9.993r 

9'i994« 
9^9940 

9i994a 
949943 

9,9941 
9^9948 
9,9952 
9.9953 
9  ,.9^54 

9*9^W 
9*9967 
9^9968 
9  ..9968 
9.9969 

9.9969 
9.9969 
9.9960 
9,9966 
+9^9967 
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No. 

B.A.C. 

Miff. 

Rlf ht  Aaoeiidon, 
Jan.  1,  1850. 

Ammal 
Variatton. 

Noitk  Polar  Dtot^ 
Jan.  1,1850. 

Variaticm. 

,  35i 

1791 

DondikB, 

P 

4 

k,  m.       9. 
5  3a  19.75 

+o.5o6 

0      /        ** 
i5a  35  ao.o 

-  a!^45 

*  352 

1794 

5o  Orionifl, 

C 

a 

33  ii.5i» 

3.o3o 

9a     I  37.3* 

a. 33 

:  353 

z8o2 

Columbn, 

0 

a 

34  i3.i5* 

a. 177 

xa4    9  a8.4» 

2.25 

354 

1823 

1 3  Lepoiis, 

7 

4 

38  12. 6i* 

a,5oo 

iia  3o    a. 8* 

1.55 

355 

i83o 

29  Auiige, 

T 

5 

38  46.97 

4.i53 

5o  5a  35.8 

1.79 

356 

1837 

1 32  Tauri, 

5 

39  48.77* 

3.683 

65  39  17.9* 

1.75 

357 

i84o 

1 4  Leporifl, 

c 

4i 

4o    9.70 
4o  38.64 

a.7ao 

xo4  5a  55.7 

1.7a 

358 

1 843 

53  Ononis, 

« 

3 

a.  846 

99  43  38.6 
5o  54    6.0 

1.66 

359 

1845 

32  Aurigs, 

V 

5 

4i     5.72 

4.i56 

1.68 

36o 

1849 

3x  Camelopaidi, 

5 

4i  32.08* 

5.365 

3o    9  x3.x* 

1.57 

36i 

i854 

3o  Aurign, 

i 

5 

4a  16.53 

5.019 

34  ao    9.x 

1.52 

362 

i855 

Pictoris, 

5 

4a  19.03 

1.667 

i36  39  17.7 

r.47 

363 

1861 

Pictoris, 

P 

4i 

43  43.83 

1.416 

i4i     7  aa.3 

1.54 

364 

i863 

1 36  Tauri, 

4i 

43  54.06* 

3.771 

63  a5  44.6* 

1.35 

365 

x868 

DoradilB, 

6 

4i 

44  3o.5o 

0.077 

i55  47  35.3 

1.07 

366 

1871 

1 5  Leporifl, 

6 

5 

44  52. 20 

a.  578 

no  53  43.3 

0.66 

367 

1876 

54  Ononis, 

X^ 

5 

45  3o.o3* 

3.55a 

69  45  a4.7* 

1. 17 

368 

1878 

Colombtt, 

P 

3 

45  4o.6i* 

a. 109 

X35  49  43.0* 

1.53 

369 

i883 

58  Ononis, 

a 

I 

47    3.i4* 

3.a49 

88  37  33.0* 

i.i3 

370 

1 884 

Pictoris, 

7 

4i 

47     6.37 

1.073 

i46  12  21.3 

1.06 

371 

1 885 

33  Aurige, 

S 

3i 

47  10. 44* 

4.937 

35  44    3.4» 

1. 01 

372 

1890 

Pictoris, 

5 

47  29.53 

1.338 

i4a    8  4i.i 

1.08 

373 

1891 

Columbae, 

X 

5 

47  39.73 

a. 167 

xa3  5o  XI. 8 

1. 17 

374 

1895 

34  Aurigae, 

P 

2 

48  3I.46* 

4.404 

45    4  a7.7* 

0.97 

375 

1897 

35  Aurig», 

vr 

5 

48  48. IX* 

4.452 

44    4  59.6 

0.96 

376 

1900 

37  Aurigsj, 

e 

4 

^9  29.59* 

4.092 
+2.735 

5a  48  13.4* 

0.81 

377 

190X 

16  Leporis, 

n 

4 

49  34.47* 

io4  XI  56.3* 

1.06 

378 

1905 

Doiadiks, 

e 

5 

5o    2.4x 

— 0.120 

x56  56  x6.i 

1.08 

379 

1922 

Colombn, 

7 

4 

52  i3.o3* 

+2.127 

125  18  10.8* 

0.61 

38o 

1928 

61  Orionis, 

f* 

5 

54     7-97 

3.3oa 

80  21  28.0 

o.5o 

38i 

1933 

Puppis, 

5 

54  33. 3i 

1.833 

x32  49  32.2 

o.5o 

382 

1934 

64  Ononis, 

if 

5 

54  34.74 

3.559 

70  18  46.x 

0.43 

383 

ig38 

I  Geminoram, 

5 

55    o.i4* 

3.648 

6G  44    3.6* 

0.33 

384 

1939 

62  Orionis, 

t 

5 

55     0.76* 

3.565 

69  5i  48.1* 

o.4o 

385 

1943 

37  Camelopaidi, 

5 

56  44.97* 

5.398 

3x     3  10.4* 

0.39 

386 

1958 

67  Orionis, 

V 

4i 

59    0.49* 

3.4a8 

75  i3     7.4* 

0.06 

387 

1959 

18  Leporis, 

0 

4i 

59  22.12 

2.7x8 

io4  55  34.4 

—  o.o5 

388 

1979 

4o  Camelc^iardi, 

5 

6     a  11.99* 

5.393 

29  58     3.4* 

+  0.2a 

389 

1980 

Camelopaidi, 

5 

a  x8.53* 

6.623 

30  38  i3.3* 

0.89 

390 

X982 

ColombflB, 

e 

5 

a  23.37 

2.069 

127  x4    5.9 

0.21 

391 

1990 

70  Orionis, 

i 

3  24.69 

3.4i5 

75  45  44.8 

0.34 

392 

1992 

I  L3rncis, 
Monoceiotis, 

4    4.90* 

5.538 

28  a6  40.4* 

0.37 

393 

1994 

4  32.98 

2.9x8 
3.828 

96  3i  12.5 

o.4o 

394 

2001 

44  Auri^, 

K 

5  49. i4* 

60  27     9.0* 

0.80 

395 

2002 

7  Gemmornm, 

n 

5  49.35* 

3.624 

67  27   X8.2* 

o.5a 

396 

2007 

2  Lpicis, 

5  Monoceiotis, 

4i 

6    23.21* 

5.3x0 

3o  56  33.3* 

0.56 

397 

20l5 

4f 

7  32.45 

2.928 

96  i4    0.9 

0.79 

398 

2o34 

Columbs, 

K 

4i 

iz  12.95 

a.z33 

125    5  37.2* 

1. 01 

399 

2044 

46  Aurigae, 

5 

i3  20.48* 

4.639 

4o  38  33.2* 

x.a3 

4oo 

2047 

1 3  Geminoium, 

f' 

3 

6  i3  53.13* 

+3.636 

67  24  53.3* 

+  1.34 

Tablb  XXX. 
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c. 

ITALOOUE    OF 

1500  Stars. 

No. 

35 1 
35a 
353 
354 
355 

LofarttbnMof                             | 

Logarithms  of                             | 

a 

h 

c 

d 

a' 

V 

c' 

d' 

+8.a4i6 
7.8913 
7.9563 
7.8357 
7.9000 

+9.1576 

8.8313 

8.9034 

8.8563 
8.9333 

+9.7086 
o.48o5 
0.3363 
o.4oi3 
0.6184 

—8.1899 
-6.4398 
— 7.7056 
-7.4i85 
+7.7001 

—0.0339 
—9.6710 
—9.9634 
-9.893a 
+9-4648 

+9.0391 
+7.6i56 

—8.7659 

— 0.3830 
0.3693 
0.3534 
0.8796 
0.3681 

+9.9968 
9.9970 
9.9973 
9.9980 
9.998X 

356 
357 
358 
359 
36o 

7.8093 
7.7755 
7.7563 

8.863s 
8.8371 
8.8387 
8.9335 
9.i3i5 

0.5656 
0.4340 
0.4537 
0.6184 
0.7395 

+7.4378 
—7.1853 
—6.9841 
+7.6497 
+7-9656 

+8.3673 
—9.8395 
-9.7753 

+9.4649 
+9.8088 

—8.5633 
+8.3464 
+8.1539 
—8.7157 
—8.8436 

O.S465 
0.3390 

0.8383 

0.8181 
0.3080 

9.9983 
9-9984 
9.9985 
9.9985 
9.9986 

36z 
36a 
363 
364 
365 

7.9606 
7.S743 
7.8770 
7.7aa5 
8.0407 

9.0713 
8.9860 
9.0351 
8.8753 
9.3101 

0.7009 
0.3197 

0.l5l3 

0.5760 
9.0145 

+7.8774 
-7.7359 
—7.7683 
+7.3880 
— 8 . 0007 

+9.7633 
— 0.0099 
—0.0307 
+8.8865 
— 0.0366 

—8.8048 
+8.7486 
+8.7431 
-8.5117 
+8.7896 

0.1903 
0.1891 
o.x53i 
O.I485 
o.i3i8 

9.9987 

9-9987 
9.9989 
9.9989 
9.9990 

366 
367 
368 
369 
370 

7.6738 
7.65a4 
7.7107 
7.5793 
7.8a86 

8.8535 
8.85o7 
8.9143 
8.8366 
9.0780 

o.4o85 
o.55i8 
0.3337 
o.5iio 
o.o3z9 

— 7.aa5i 
+7.1915 
-7.4781 
+6.6877 
—7.748a 

—9.8816 
—8.7917 
-9.9713 
—9.4803 
— 0.0398 

+8.3716 
—8.3399 
+8.563I 
—7.8601 
+8.6696 

O.I3l6 

o.io3i 
0.0979 
o.o54o 
o.o533 

9.9991 
9.9991 
9.9993 
9.9993 
9.9993 

37. 

37a 
373 
374 
375 

7.8o5o 
7.7738 
7.6353 
7.6733 
7.6703 

9.o568 
9.0353 
8 . 9039 
8.9733 
8.9810 

0.6935 
o.i3i3 
0.3376 
0.6437 
0.6483 

+7.7145 
— 7.670a 
—7.38x1 
+7.5aai 
+7.5366 

+9.7459 

— 0.033l 

— 9.9631 

t?:l?l? 

—8.6570 
+8.6343 
+8.4766 
—8.5483 
-8.5451 

0.0498 
0.0390 
o.o33x 
0.0016 
9.9910 

9.9993 
9.9994 
9.9994 
9.9995 
9.9995 

376 
377 
378 
379 
38o 

7.5838 
7.4951 
7.8689 
7.4439 
7.3383 

8.0333 

8.8369 
9.33o5 
8.9119 
8.8300 

0.6111 
+0.4366 
—8.8348 
+0.3373 

0.5183 

+7.3653 
—6.8848 
-7.8337 
—7.3047 
+6.4683 

+9.4130 
—  9.8333 
—0.0371 
-9.9693 

-9.4x56 

—8.4436 
+8.0474 
+8.6018 
+8.3936 
— 7.63aa 

9.9634 
9.9599 
9.940a 
9-8339 
9.7104 

9.9995 
9.9996 
9.9996 
9.9998 
9.9999 

38i 
38a 
383 
384 
385 

7.3343 
7.3343 

7.1889 
7.3638 

8.0584 
8.85oo 
8.8607 
8.85x8 
9.m4 

0.3639 
0.550I 
0.5617 
o.55i5 
0.7335 

-7.1666 
+6.7518 
+6.7957 
+6.7358 
+7.1967 

— 8!856i 
-7.5798 
—8.8007 
+9.8013 

+8.S081 
—7.9017 
-7.9350 

9*6780 
9.6764 
9.6406 
9.6898 
9.4547 

9.9999 
9.9999 
9.9999 
9.9999 
0 . 0000 

386 
387 
388 
389 
390 

6.4745 

+6.3787 

—7.1065 

7.3796 

6.941X 

8.8385 
8.8388 
9.1354 
0.3768 
0.9339 

0.5345 
0.4336 
0.7315 
0.8309 
0.3137 

+5.8813 
—5.6896 
—7.0443 
—7.3508 
+6.7339 

— 9.3163 
— 9.83o5 
+9.8136 
+9.8937 
—9.9780 

—7.0437 

+6.85o8 
+7.9188 
+7.9740 
— 7.8000 

8.9883 

—8.7421 

+9.2834 

9.3o5o 

9.3204 

0 . 0000 
0 . 0000 
0.0000 
0 . 0000 
0.0000 

391 
3oa 
393 
394 
395 

7.0103 
7.3960 
7.1345 
7 . 3893 
7.3633 

8.8374 
9.1460 
8.8366 
8.8843 
8.8583 

0.5337 
0.7434 
0.465I 
0.5830 
0.5594 

—6.4010 
—7.3401 

+6.1797 
— 6.9833 
—6.8469 

— 9.3433 
+9.8376 
—9.7363 
+9.0636 
— 8.843o 

+7.5635 
+8.1941 
-7.3530 
+8.0978 
+7.9885 

9.4749 
9.5523 
9 . 6000 
9.7070 
9.7070 

0.0000 
9.9999 
9.9999 
9.9999 
9.9999 

396 
4oo 

7.5579 
7.3437 
7.6005 
7.7748 
—7.6407 

9.1136 
8.8363 
8.9105 
9.0094 
+8.8578 

0.7343 
0.4661 
0.3389 
0.6653 
+0.5594 

—7.4913 
+6.3794 
+7.3601 
— 7.6550 
— 7.3a5i 

+9.8033 
-9.7333 
—9.9683 
+9.6765 
-8.3406 

+8.3784 
— 7.5539 
—8.4491 
+8.6449 
+8.3665 

9-7473 
9.8x94 
9.9917 
0.0670 
+0.0843 

9.9998 
9.9998 
9.9995 
9.9993 
+9.9993 

'm 
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GATALaOJUE 

OF  1600 

S.TA  B 1 

\. 

N*. 

B.jLa 

Mar. 

RUht  iuMMrtoii, 
Jan.  1,1860. 

Anaul 
Tarlation. 

North  PotarDiaU, 
Jan.  1. 1850. 

yiSSL 

4oi 
4oa 
4o3 
4o4 
4o5 

aoSi 
2061 
sq66 
2090 
2Q95 

1  Canw  Majons  C 

2  Canis  Majom,  fi 

3  Cania  Majoria* 
18  Geminoruni,      v 

Camelopaxdif 

9k 
^k 

4 
4 
6K 

6  i4  33.41 
i6.  5.79* 
16.38.09 
2o.>.35» 
ae  ?5.x5 

+8.3o4 
•  .643 

IQ.447 

I80      0  .  1.6 

107  53     8.0* 

i?3  81  5o.i* 

.69  41:53.3*, 

10  17  .i8«9 

+   i-3q 

1.41 

i.5i 

.  1.78 

■  .4i 

4o6 
407 
4o8 
409 
4io 

2096 
2109 
2126 

2X32 

2i37 

ArgAa,              0 
Cania  Majoria,     • 
1 3  Monocerotia, 
4  Canb  Majoria,  e 
PuppiB,             Z 

X 

4t. 
5 
6 
5 

»o.  97^46 
22  36.75. 
24  47.56 
25.36.5a 
«6.  6.46 

..^.33o 

«.824 
a.247 
,ft.5Q| 

I..43* 

i4a  36  56.4  ^ 
laa  29  ift.4 
^2  33  4i.6 
ii3  18  48.6 
x4q.  8  ia«9 

X.80 
1.9a 

*.5o 

4ii 
4ia 
4x3 
4i4 
4i5 

2x67 
2i58 
2169 
2x6o 
2i63 

.  Si.Cephei, 

Cania  Majoria, 
5o  Aurige,    . 
5  Cania  Majoria,  ^ 
.b4  Geminoruoii      y  . 

5 

5 
5 

5 

2^. 

a8  32. 88* 
28  33.65 
a8  36.89 
28  46.49 
29. a. 73* 

3<fc.7a3 
8^093 
4.294 
8x52a 
3>.499 

8  44  38.8* 
ia6     7.a3.3 

47  83     5.6 
118  5o  55.7 

.73  88  39.4* 

:».58 
a.55 

B.Sfi 

4i6 

417 
4i8 

419 
430 

2171 
2176 
2182 
2188 
2193 

.7  .Oani»  Majoria,  y» 
Cannae,    . 

55  Aurige,    . 

Argda,              V 
Puppia,     .     ;    V 

5 
5 
5 

3    - 
5 

3o    8.5i 

3i  4o.xi 

'  3a    9.67* 

33  10.35 

■     34  38.54 

8.6^7 
i>3i4 

1^834 
x»6i6 

109    7  5a..o. 
i48  5i  17. 1. 
45  80  i5.6* 
x33    3  59.5 
A3a    5  19,3 

*.96 

S.84 
S.63 
3.09 

4ai 
4sa 
4a3 
4a4 
4a5 

2x94 
2198 
2206 
2209 
2210 

27  GenuBoram,      9 

42  Camelopaidi, 

3 1  Geminonxm,      f 

43  Camelopaidi, 
Camelopaidi,- 

3 

.5 

4 

5 

.5.. 

34  4a.i3* 

35  16,87 

.      36  5a. 23* 
:  37  3o,i9» 
38    6,a9 

3.700 
6.3oa 
3.374 
6.5^7 
8.848 

64  43  3a.7* 

88   X6    19.1* 

76  56  5a.of 
iKi^  56  48.1* 
la  50.39,7 

3.o5 
3.07 
3.38 
3.27 
3.35 

4a6 

4a7 
4aA 
439 
430 

22l3 
2216 
2222 
2223 
223 1 

9,.CaniavMtioria,  a 

17  Monocerotis, 

18  Monocerotia,  • 
58  Aurigtt, 

,  Puppis,        .   -    4P 

I 
5 

.5 
5 
5    . 

38  3a.39» 

39  II, aa 

40  2^.48 

-  4o    9..28* 
.     4a.  ^3.24 

a.646 
3.870 
S.xSy 

4.849 
'  8iio49 

fto6  3o:6p.6* 

8x  48ii8»7 
.87  85  40*3 

48     8:53^5* 
X»l  45  i57»8 

4.5o 
3.41 
3.5s 
3.ei 
,».57 

43i 
43a 
433 
434 
435 

2237 
2246 
2248 
2262 

i;256 

34  Geminonun,      ^ 
i3  Cania  Majoria,  c 
i5  Lyncia, 

5.  - 
4 
5 
5 
i4 

4ii  53.88* 
44  i4.33» 

44  16.56* 

45  25.24 

46  xa.94 

3.963 

8.248 
5.227 
2.187 
X.49O 

55  5i 149.2* 
188  80 laa.o* 

3i  b3ji7>9* 
X84  11  144^6 
x4o  86iJ7i5. 

;4.o3 
4.06 
4.13 

436 

439 

449 

2269 
.2260 
2264 
2267 
2274 

CariMB,            B 
Pictoris,     (      0 

16  Cania  Majoria,  0^ 
20  Cania  MajoriB,.  f 

.5  . 

•  4 
5  . 
4  . 
4i 

46  35^07 

46  39.00 

47  i3.4i 
47  W.73 
49  ?»«-^ 

i>a79 
o*6ii 
8,791 
a.49» 
8.676 

i43  86  i54«4. 
X5i  46;53-6. 
ipi  5i  ;I7,7. 
ii4  .0:  p.x. 
106  5i i4P,9. 

4.13 
•:    3.79 
4.14 
4.15 
4.fl8 

44i 
443 
443 
444 
445 

2293 
2296 
23p5 
2309 
23i8 

81  Cania  Maj^ia,  < 
Puppia,             t 
43  Geminonun,     C 
22  Cania  MAJoria, 
24  Cania  Majoria,  0^ 

;5 
4 

.4 

58  43*8o* 
58  55.64 
55  iB.58t 

55  44.79 

56  45.80 

8.360 
8.iq5 
3>567 
8.391 
.  8.507 

ii8  46 {17*4? 
183  5440.5, 

.69      I8;58.5f 

M7  43  1*3.7? 
1x3  37j.X#4. 

4.56 
4.58 
4.80 
4.84 
:4.9i 

446 

23x9 

2326 

2327 
2338 
2340 

23  Cania  Mijoria,  y 
Camelopaidi, 
Puppia,      .        C 

63  Aung», 

46  Geminorum,      r 

4 

4i 

5 

;5 
5 

56  58.36 

59  XI. 96* 
59  17.78 
7     I  10.84* 
7     I  35. 2o* 

8.7x8 

x3.i46 

1. 911 

4.145 

+3.83I 

xo5  64,56,7 

7    19:    8.0* 

i38    7    8.6 
5o  86  85.9* 
59  3o  58.1* 

4.9« 
5.i4 
5.« 
5.3o 
+  5.39 
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No. 

Logarlllmisof 

Logarithnw  of 

a 

b 

c 

d 

a' 

6' 

c' 

df 

4oi 
4o2 
4o3 
4o4 
4o5 

—7.6890 
7.6916 
7.7626 
7.7933 
8.5248 

+8.8855 
8.8444 
8.00I0 
8.85oi 
9.5703 

+o.36i8 
0.4216 
0.3410 
0.5519 
1.0173 

+7.3880 
+7.1789 
+7.5039 
—7.3336 
-8.5178 

-9-94x9 
— 9.8570 
—0.9595 
—8.7882 
+9.9555 

— 8.5oi6 
—8.3335 
—8.6008 
+8.4818 
+8.9458 

+O.I048 
0.1484 
0.1637 
0.3437 
o.355o 

+9.999X 
9.9989 
9.9989 
9.9983 
9.9983 

4o6 
407 
4o8 
409 
4io 

7.8913 
7.8609 
7 . 9082 
8.0727 

9.0389 
8.8957 
8.8250 
8.858a 
9.0143 

0.1232 
0.3470 

o.5iii 
0.3976 
0.1702 

+7.8943 
+7.6314 
—6.9730 
+7.5o56 
+7.9579 

— 0.0232 
-9.9545 

—9.4794 
—9.8986 
—0.0173 

—8.8537 
—8.7335 
+8.1454 
-8.6447 
—8.9408 

0.3558 
0.2957 
0.3355 
0.3495 
0.3579 

9.9982 
9.9979 
9.9975 
9.9973 
9.9972 

All 

4l2 

4i3 
4i4 
4i5 

9.2387 
8.0X11 
8.0524 
7.9571 
7 -9440 

o.i4o4 
8.9133 
8.9537 
8.8560 
8.8387 

1.4879 

0.3227 
0.6326 
0.4000 
0.5396 

—9.3383 
+7.7816 
— 7.883o 
+7.5463 
—7.3979 

+9.9869 
—9.9710 
+9.5470 

-9.8949 
—9.1368 

+9.0944 
—8.8650 
+8.9259 
-8.6869 
+8.5557 

0.3971 
0.3967 
0.3975 
0.3999 
o.4o4o 

9.9966 
9.9966 
9.9966 
9.9966 
9.9965 

4i6 

417 
4i8 

419 
420 

7.9663 
8.1821 
8.U76 
8.1193 
8.1769 

8.8448 
0.0388 
8.9676 
8.9557 
8.9942 

0.4168 
0.1214 
o.64i4 
0.2634 
0.2036 

+7.4818 
+8.0836 
-7.9645 
+7.9536 
+8.0486 

-9.8662 
— 0.0218 
+9.5881 
—9.9968 
— O.OIIO 

—8.6333 
—9.0406 
+8.9936 
-8.9934 
—9.0495 

0.4200 
o.44x3 

0.4479 
o.46i3 
0.4800 

9.9969 
9.9958 
9.9957 
9.9954 
9.9950 

4ax 

42a 

423 

424 

425 

,8.o46i 
8.4309 
8.0399 
8.4826 
8.6957 

8.8626 
9.a4oi 
d.8a96 
9.a648 
9.4709 

0.5676 

o.8i4o 
0.9471 

-7.6765 
—8.3973 

—8.4539 
-8.6847 

+8.4728 
+9.8751 

—9.3008 

+9.8844 
+9.9370 

+8.8089 
+9.x5ao 
+8.5585 
+9.x8a3 
+9.3078 

0.4807 
0.4879 
0.5069 
o.5i42 

0.52IO 

9.9950 
9.9948 
9.9944 
9.994a 
9.9940 

426 
427 
428 
429 
43o 

8.0659 
8 . 0592 
8.0645 
8.1938 
8.1889 

8.8360 
8.8aao 
8.8177 
8.9458 
8.9186 

0.4281 
o.5i33 
0.4955 
0.6288 

0.3X22 

+7.5196 
— 7.3i3i 
—6.7165 
—8.0189 
+7.9760 

—9.8429 
—9.4609 
-9.5903 

+9.5258 
-9.9755 

—8.6774 
+8.3848 
+7.8933 
+9.0664 
—9.0600 

0.5269 
0.5331 
0.5423 
0.5435 
0.565I 

9.9938 
9.9936 
9.9933 
9.9933 
9.9926 

43i 
432 
433 
434 
435 

8.X757 
8.1800 
8.3905 
8.2006 
8.32x5 

8.8084 
8.8890 

8.8978 
9.0109 

0.5978 
o.35oa 
0.7178 
0.3384 
0.1717 

—7.9348 

+7.9503 
+8.3085 

+9.2838 
—9.9502 
+9.7866 
-9.9590 
— O.OI36 

+9.0188 
— 9.01x3 
+9.3145 
—9.0440 
—9.1887 

0.5719 
0.5852 
0.5855 
0.5965 
0.6039 

9.9924 
9.99x9 
9.9919 
9.9914 
9.991X 

436 
437 
438 
439 
44o 

8.3541 
8.4549 
8.1442 
8.1803 
8.1736 

9.0400 
9.140X 
8.8340 

8.8536 
8.8328 

o.ix54 

0.3959 
0.4273 

+8.a589 
+8.3099 

+7*7856 
+7.6361 

—0.0192 
—0.0287 
-9.7964 

-518443 

—9.2100 

—9.3507 
—8.6336 
—8.9364 
—8.7931 

0.6073 
0.6079 
o.6i3i 
0.6193 
0.6338 

9.99x0 
9.9909 
9.9907 

44, 

442 
443 
444 
445 

8.2392 
8.2645 
8.23o8 
8.2586 
8.25i3 

8.8695 
8.8932 
8.84o4 
8.8639 
8.8485 

0.3731 
0.3416 
o.55x9 
0.3781 
0.3986 

+7.9216 
+8.0111 
-7.7808 
+7.9263 
+7.8541 

—8.7860 
— 9.9220 
-9.8954 

— 9 .0405 
— 9.1063 
+8.9377 
—0.0494 
—8.9933 

0.6603 
0.66x9 

0.6917 

9.9884 
9.9883 
9.9873 
9.9870 
9.9865 

446 

447 
448 

449 
45o 

8.23o8 
9.X262 
8.36i6 
8.3592 
^8.3126 

8.6963 
9.7042 
8.9390 
8.9211 
+8.S736 

0.4335 
I.1I85 
0.3793 
0.6166 
+0.583I 

+7.6554 
— 9.1337 
+8.1883 
-8.1633 
—8.0179 

—9.8300 
+9.9560 

^■& 

+9.0611 

— 8.8i56 
+9.4o38 
—9.3345 
+9.3364 
+9.X394 

0.6932 
0.7096 
0.7x02 
0.7245 
+0.7263 

9.9864 
9.9853 
9.9853 
9.9843 
+9.9841 
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No.    B.A.C. 

1 

M«g. 

Rif  ht  Aaeeoalon, 
Jan.  1, 1850. 

Annnal 
VariaUon. 

North  Polar  Diac. 
Jan.  1. 1850. 

Aaooal 
Variation. 

45i 

2345 

25  Canis  Majoiis, 

d 

3^ 

k,  m.        9. 
7     2   17.61* 

+2.441 

0            '                 s* 

116     9  3i.i* 
3o    6   10. 4» 

+   5.36 

452 

2349 
2355 

18  Lyncis, 

5 

2  47.52* 

5.277 

5.76 

453 

Puppis, 

A 

5 

3  48.85 

2.007 

129  25     3.7 

5.56 

454 

2358 

22  MonocerotiB, 

4i 

4  12.27 

3.069 

90. i4  56.7 

5.56 

455 

2362 

5 1  Geminorumy 

5 

4  45. 34* 

3.454 

73  35  28.9* 

5.58 

456 

2379 

Lyncist 

5 

7    6.75 

4.581 

4o  16  3o.5 

5.79 

457 

238o 

Puppis, 

E 

5 

7  17.85 

1.986 

i3o  i4  5o.4 

5.81 

458 

238 1 

64  Aurigw, 

5 

7  35.89* 

4. 191 

48  5i  21.5* 

5.82 

459 

2388 

27  Canis  Majoris, 

4i 

8    8.47 

2.446 

116    5  49.5 
i36  3o  46.0 

5.85 

46o 

2389 

Puppis, 

I 

5 

8  16.64 

1.676 

6.  so 

46i 

2392 

Puppis, 

L* 

5 

8  44.30 

1.808 

x34  55  32.0 

6.17 

462 

2398 

54  Gemuiorum, 

X 

4^ 

9  28.22* 

+3.458 

73  11  37.7* 

5.99 

463 

2400 

Volantis, 

7 

5 

10    0.28 

—0.472 

160  i5  17.0 

5.86 

464 

2407 

19  Lyncis, 

5 

10  36.41 

+4.926 

34  26  33.8 

6.i3 

465 

2410 

55  Geminonim, 

6 

3 

n     9.67* 

3.597 

67  44  47.5* 

6.14 

466 

24i4 

AxgAs, 

IT 

3 

XI  5i.o5 

2.i4x 

126  49  5i.4 

6.17 

467 

2416 

65  Aurigw, 

5 

12    0.87 

4.028 

52  57  44.4 

6.80 

468 

2418 

3o  Canis  Majorisy 

5 

12  29.41 

2. 491 

ii4  4i     4.5 

6.34 

469 

2427 

Puppis, 

P 

5 

x3  26.54 

2.045 

128  56  19.9 

6.3i 

470 

2429 

66  Aurige, 

6 

i3  44.69 

4.175 

49     2  39.6 

6.35 

471 

2439 

Camelopardi, 

5 

i5  12. 91 

6.3i8 

21    X4    13. I* 

6.53 

472 

2442 

60  Geminorum, 

t 

4 

16  24.36* 

+3.742 

61  54  32.3* 

6.6£ 

473 

2447 

Volantis, 

d 

5 

16  53.34 

— 0.012 

i57  4o  57.3 

6.6c 

474 

2458 

3i  Canis  Majoris, 

V 

B 

18     9.72* 

+2.372 

119     0  5l.2* 

6.7= 

475 

2462 

3  Canis  Minozis,  p 

3 

19    0.92 

3.261 

81  84  45.3 

6.8:: 

476 

2464 

62  Geminorum, 

p 

5 

19  27.39* 
23  17.73 

3.871 

57  55  21. I* 

6.61 

477 

2478 

Puppis, 

5 

2.317 

I2X      9       I.O 

7.ifc 

478 

2482 

ArgOs, 

a 

4 

24  28.71 

1.921 
2.321 

i33     0     2.2 

7.11 

479 

2484 

Puppis, 

5 

24  52.56 

120  39     4.6 

7.36 

48o 

2485 

66  Gemin(Mitm, 

«« 

I* 

25     1.33* 

3.848 

57  47  17-0* 

7.3Z 

48i 

2486 

68  Greminomm, 

5 

25    2.64* 

3.433 

73  5i   19.0* 

7.23 

482 

2493 

69  Geminorum, 

11 

5 

26  40.43* 

3.714 

62  46  33.1* 

7.4c 

483 

2497 

Puppis, 

n' 

^i 

27  58.35 

2.540 

ii3     9     3.9 

7.61 

484 

25oo 

Puppis, 

g 

5 

28    X8.20 

2.475 

ii5  47  33.7 

7.72 

485 

2522 

10  Cams  Minons, 

a 

I 

3i  26.78* 

3.145 

84  a3  39.7* 

8.77 

486 

253o 

Puppis, 

k^ 

Ak 

32  40.95 
32  4i»3i 

2.460 

116  87  48.3 

7.6; 

487 

253i 

Puppis, 

A* 

5 

2.459 

1x6  97  58.8 

7.77 

488 

254o 

75  Geminorum, 

a 

5 

33  55.80 

3.764 

60  45  3o.8 

8.22 

489 

2542 

26  Monocerotis, 

y 

4i 

34  4.89 

35  23. i5* 

2.868 

99    12    17.5 

65  i4  49.5* 

8.02| 

490 

255.1 

77  Geminorum, 

K 

4 

3.634 

8.161 

1 

491 

2555 

78  Geminorum, 

P 

2 

36.  7.80* 

3.682 

61  36  5o.o* 
118  35  55.2* 

8.23 

492 

2562 

3  Puppis, 

5 

37  47 •27* 

2.409 

8.27! 

493 

2570 

Puppis, 

w 

4i 

38  35.45 

2.039 

i3o  34  i3.5 

8.68 

494 

258o 

Puppis, 

c 

5 

39  54.63 

2.l32 

197  36  23.7 

8.4o 

495 

2590 

Camelopardi, 

5i 

4o  56.71 

9.819 

10     7  84*3 

8.65 

496 

2594 

Puppis, 

0 

5 

4l    5l.22 

2.5o2 

ii5  34    5  7 

8.69 

497 

2602 

Argis, 

^ 

3i 

42  59.28* 

43  38.25 

+  2.527 

ii4  29  18.5* 
162  i5    8.4 

8.70 

498 

2607 

Volantis, 

f 

5 

—0.669 

9.71 

499 

2617 

83  'Geminorum, 

^ 

5 

44  18.61* 

+3.688 

62  5i     3.6* 

8.85 

5oo^ 

2620 

Puppis, 

P 

4* 

7  44  40.19 

+  1.826 

x35  59  53  8 

+  8.90 
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No. 

Logutelmisor        '                1 

LoguitliiiM  of                             I 

a 

b 

e 

d 

a' 

h' 

c' 

d' 

45 1 
452 
453 
454 
455 

8.3751 

6. 8656 
8.2873 

+8.8546 
9.107X 
8.9189 
6.8066 
8.8244 

+0.3870 
0.7235 
o.3o4x 
0-4864 
0.5377 

+7.9440 
—8.4929 

+8.X779 
+5.9040 
—7.7383 

-9.9x07 
+9.7890 
-9.9756 
—9.6417 
— 9.1614 

—9.0732 
+9.3693 
—9.24x9 
— 7.0801 
+8.8963 

+0.7311 
0.7345 
0.7413 
0.7439 
0.7475 

+9.9838 
9.9835 
9.9829 
9.9827 
9.9824 

456 
457 
458 
459 
460 

8.4738 
8.4028 
8.4io5 
8.3374 
8.4539 

8.9945 
849222 
8.9279 
8.85x1 
8.9666 

0.6610 
0.2983 
0.6220 
0.3882 
0.2363 

—8.3563 
+8.2x3i 
—8.2287 
+7.9808 
+8.3x45 

+9.6582 
-9.9775 
+9.4812 
-9.9087 
-9.9966 

+9-3429 
-9.2719 
+9.2816 
—9.1102 
—9.3283 

0.7626 
0.7638 
0.7657 
0.7690 
017699 

9.9811 
9.9810 
9.9808 
9.9805 
9.9604 

46i 

463 

463 
464 
465 

8.4444 
8.3178 
8.7734 
8.5532 
8.3426 

8.9540 
8.8226 
9.2746 
9.o5o5 
8.8363 

0.2545 
+0.5386 
—9^6829 
+0.6927 

0.5553 

+8.2933 
—7.7790 

+8.7471 
-8.4695 
—7.9209^ 

—0.0188 
+9.7328 
—8.6x28 

-9.3194 
+8.9361 
—9.4519 
+9.3981 
+9.0634 

0.7727 
0.7772 
0.7804 
0.7840 
0.7873 

9.9602 
9.9797 
9.9794 
9.9791 
9.9787 

466 
467 
468. 
469 
470 

8.4097 
8.41x9 
8.3584 
8.43i3 
8.4459 

8.8989 
8.9000 
8.8434 
8.9x03 
8.9230 

0.3260 
o.6o53 
0.3956 
o.3io8 
0,6203 

+8.X875 
-8.19x7 
+7.9792 
+8.2296 
—8.2624 

—9.9626 
+9.355X 
—9.8983 
—9-9704 
+9.4685 

—9.2669 
+9.2609 
-9.^x36 
—9.2966 
+9.3166 

0.7913 
0.7923 
0.7951 
o.8oo5 
o.8o«3 

9.9783 
9.9782 
9.9779 
9.9773 
9.9771 

471 
47a 
473 
474 
475 

8.7732 
8.3932 
8.7619 
8.4o65 

8.3577 

9.241 I 
8.8537 
9.2x95 
8.8564 
8.8025 

O»80I8 

+0.5734 

—7.6812 

+0.375X 

o.5x33 

—8.7427 
— 8.o66i 
+8.7281 
+6.0923 
-7.53x8 

+9.8604 
+8.7938 
— o.oi63 
— 9.9225 
—9.4603 

+9-4.778 
+9.1878 
—9.4837 
—9.2101 
+8.7030 

o.8io5 
0.8171 
0^.8197 
0.8266 
o.83ii 

9.9762 
9.9754 
9.975X 
9.9742 
9.9737 

476 

478 

479 
48o 

8.4271 
8.4424 
8.5x65 

8.4479 
8.4558 

6*8692 
6.8622 
6.9296 
6.8588 
8.8659 

0.5864 
0.3646 
0.2805 
0.3677 
0.586X 

—8.1522 

+8.i56x 
+6.35o3 
+d.i553 
—8.1826 

+9. 1 199 
-9.9319 
—9.9794 
—9.9287 
+9.1x26 

+9.2564 
—9.2646 
—9.3905 
—9.2660 
+9.2861 

0.8334 
0.8531 
0.8589 
0.8609 
0.8616 

9*9734 
9.9707 

9.9695 
^  9'9M 

48i 
48a 
483 
484 
485 

8.4009 
8.4422 
8.4338 
8.4445 
8.4x54 

8.8x08 
8.8431 
8.8276 
8.8364 
8.7905 

0.5355 
0.5694 
0.4049 
0.3930 
o.5o4o 

-7.8450 
—8.1026 
+8.0284 
+8.o83i 
— 7.4o52 

—9.1976 
+8.5944 
-9.8829 
-9.8998 
—9.5339 

+9.0036 

—0.21 36 

+8.5792 

0.8617 
0.8695 
0^8757 
0.8772 
0.8916 

9.9694 
9.9662 
9.9672 
9.9669 
9.9645 

486 
487 
468 
489 
490 

8.4669 
8.4669 
8.4835 
8.4306 
8.4785 

8.8355 
8.8355 
8.8456 
8.79x9 
8.8270 

0.3907 
0.3907 
0.5749 

0.4582 
o.56o4 

+6.XI59 
+6.1x59 
—8.x  724 
+7.6346 
-8.0944 

—9 .  9021 

+8.'84oJ 
-0.7597 
—8.0453 

-9.2439 
—9.2439 
+9.2893 
— 8.8o5i 
+9.2286 

o'.897i 
0.8972 
0.9026 
0.9033 
0.9089 

9.9686 
9.9635 
9.9626 
9.9623 
9.96x3 

49. 
49a 
493 
494 
495 

8.4894 
8.4973 
8.5635 
8.5566 
9.2087 

8.8402 
8.8896 
8.90x8 
8.8824 
9.5354 

0  57x8 
o.38i5 
0.3075 
0.3298 
0.9932 

-8.1665 
+8.1773 
+8.3767 
+6.336X 
—9.20x9 

+8.7193 
—9.9121 
—9.9641 
—9.9528 
+9.9107 

+9.2869 
—9.2969 
-9.4334 
—9.4x11 
+9.6230 

0.9121 
0.9191 
0.9224 
0,9278 
0.9320 

9.9606 

9.9686 
9,9674 
9,9664 

49« 

5oo 

8.5o2i 
8.5027 
8.9803 
8.5177 
—8.6266 

8.8243 
8.8194 

8.8280 
+8.9352 

0  3967 
+0.4018 
—9.8368 
+0.5666 
+0.2620 

+6.1371 
+8.1202 
+8.959X 
—8.1769 
+8.4835 

—9.8928 
-9.8856 

+l!l?66 
—9.9764 

-9.2685 
-9.2554 
—9.6193 
+9.3023 
—9.5014 

0.9356 
0.9401 
0.9427 
0.9453 
+0.9467 

9.9666 
9.9646 
9.9640 
9.9534 
+9.9680 
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No. 

B.A.C. 

Mag. 

Rlsiit  Aaoeiwioii, 
Jiia.  1, 1S50. 

Annnal 
Variation. 

NortlL  Polar  DIaL, 
Jan.  ],  1650. 

Aim.1.1  1 
Vartatkm.! 

5oi 

a6a2 

9  Puppis, 

5 

h.  m.       9. 

7  44  49.57 

». 
+8.780 

0      /        #* 
io3  3o  10.8 

+  9. 19 
8.91 

5oa 

3639 

Puppis, 

5 

46  4o.65 

2.263 

134  19  58. 0 

5o3 

3634 

Puppis, 

0 

5 

47    3.67 

a.o63 

[3o    II    33.8 

9.12 

5o4 

3635 

Pappis, 
VeloTum, 

h 

5 

47  20.41 

a.x33 

138  88  38.4 

9.12 

5o5 

3643 

5 

48  49.76 

1.678 

x39  i3  3i.a 

9.35 

5o6 

3644 

Puppia, 

R 

4 

48  53.31 

1.737 

x37  4a  45.1 

8.86 

5o7 

3665 

Argia, 

X 

4 

52  57.65 

i.5i8 

i48  34  54.4 

9.50 

5o8 

3666 

Puppis, 
Velorum, 

5 

53    8.56 

8.688 

X07  59  a5.7 

9.50 

5o9 

3670 

5 

53  56.71 

1.755 

i38  5o  ao.a 

9.48 

5io 

3673 

CaniBMinoris, 

5 

54  27.69 

3. 139 

87  x5  85*9 

9.49 

5x1 

3697 

27  Lyxicis, 

5 

57    9.06* 

4.556 

38    4    o.a* 

9.82 

5l3 

3707 

55  Camelopardi, 

5 

57  49. XI* 

58  18.98 
58  55.89 

6.096 

81     5  3x.o* 

9.86 

5i3 

37x0 

ArgAs, 

C 

2i 

8.1X4 

139  35     0.9 

9.96 

5i4 

37x4 

10  Cancri, 

1^ 

5 

3.545 

67  59     7.9 

9-97 

5i5 

3738 

ArgAs, 

p 

3i 

8     I     9.43* 

3.558 

xi3  53  3o.3» 

10. o4 

5x6 

3730 

1 4  Cancri, 

r 

4 

I  a4.66 

3.630 

64    2  88.9 

10-47 

5x7 

3736 

Velorum, 

5 

a  19.91 

a.  68a 

108  48  30.7 

10.17 

5x8 

3754 

5 

4  5a, xo 

1.849 

i36  54  17.1 

10.39 

5x9 

3755 

ArgAs, 

r 

a 

4  54. 5o 

x.84o 

i36  53  47.9 

10. 46 

520 

3769 

ao  Puppis, 

5 

6  36.41 

a. 761 

io5  80  a4.a 

10.54 

5ax 

3773 

Volantis, 

e 

5 

7  25.99 

0.35l 

x58  10  37.9 
125  36  53.5* 

10.62 

523 

2774 

Puppis, 

r 

5 

7  5o.o6 

8.868 

10.71 

5a3 

3776 

3o  Lyncis, 

5 

8  I7.i5» 

4.907 

3x  47  42.5* 

10. 63 

,524 

3778 

17  Cancri, 

P 

4 

8  33.73 

3.a63 

80    31    23.8 

10.72 

5a5 

3793 

Lyncis, 

5 

la  35.34* 

4.59a 

36  18     8.6* 

10.99 

5a6 

3793 

3 1  Lyncis, 

5 

13    33.94* 

xa  56.69 
i5  39.33 

4.i4x 

46  so    8.8* 

11.06 

5a7 

3795 

Puppis, 

q 

5 

3.344 

ia6  II  5x.x* 

10.99 

5a8 

3803 

Puppis, 

to 

5 

3.377 

133  34  5o.i 

II. a6 

539 

38x9 
3833 

I  Ursae  Majoris, 

0 

4 

17  45.46* 

5.066 

38  47  10.8* 

11.46 

53o 

Velorum, 

B 

5 

17  55. 30 

1.838 

i38    0  4o.5 

II. 3o 

53x 

3833 

ArgAs, 

e 

a 

19  35.89 

X.341 

149     I  4o.3 

11.35 

53a 

3843 

a  Unw  Majoris, 

A 

5 

ax     6.ao 

+5.476 

34  20  59.0 
166  26  38.7 

11.66 

533 

3849 

Cham»leontis, 

a 

4^ 

33  18.70 

—1.436 

11.59 

534 

3856 

Volantis, 

V 

5 

a3  33.60 

—0.480 

x6a  54  53.2 

11.80 

535 

8863 

Volantis, 

P 

5 

24     5.4x 

+0.663 

i55  38  i3.6 

13. 00 

536 

3870 

Chamaeleontis, 

0 

5 

25     2.81 

-X.663 

x66  59  53.1 

11.81 

537 

3884 

4  Urs»  Majoris, 

ir 

5 

27    3.93* 

+5.358 

a5     9  i5.6* 

11.99 

538 

390  X 

4  Hydns, 

6 

4 

89  43.64* 

3.184 

83  46  36.1* 

13. 17 

539 

39x1 

5  Hydre, 

0 

5 

3o  55.07 

3.147 

86     8     6.9 

ia.39 

ia.35 

54o 

3936 

Velorum, 

e 

5 

3a  33. 38 

3.107 

i3a  27  57.7 

54x 

3935 

Mali, 

b 

5 

34  i4.i3» 

3.363 

134  46  5o.8* 

ia.6o 

54a 

3937 

43  Cancri, 

7 

4i 

34  35.91* 

3.488 

67  59  44.7* 
86     3  58.1 

la.So 

543 

2945 

7  Hydr», 

n 

5 

35  a3.oa 

3.143 

13. 59 

544 

3947 

Velorum, 

b 

5 

35  39.07 

1.989 

i36     7     3.3 

ia.67 

545 

3950 

ArgAs, 

0 

4 

35  59.80 

1.717 

i4a  83  89.8 

13. 69 

546 

3953 

47  Cancri, 

6 

4i 

36     9.36* 
37.18.34 

3.425 

71  17  53.0* 

13.87 

547 

3963 

Carinn, 

d 

5 

1.344 

149  i3  35.1 

13.55 

548 

3964 

Mali, 

a 

4i 

37  34. x3* 

a.4io 

laa  38  55.4* 

13.64 

549 

2965 

48  Cancri, 

t 

5 

37  36.76 

3.654 

60  4i  44.0 

13. 80 

55o 

3971 

II  Hydne, 

e 

4 

8  38  49.78* 

+3.189 

83     a    3.5* 

+  12.84, 
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No. 

Logarittamsor 

LoiariUuiu  or                               | 

« 

* 

e 

d 

a' 

6' 

c' 

•     d' 

5oi 

502 

5o3 
5o4 
5o5 

-8.48x1 
8.559X 
8.5944 
8.5848 
8.6691 

+8.7890 
8.8582 
8.8917 
8.8807 
8.9580 

+0.4444 
0.353I 
o.3x43 
0.3268 
0.2284 

+7.8494 
+8.3xo4 
+8.4042 
+8.3787 
+8.5483 

—9.8004 
-9.9357 
—9.9579 
—9.95x8 
—9.9809 

—9.0x33 
—9.4034 
—9.4633 
-9.4485 
-9-5394 

+0.9473 
0.9543 
0.9558 
0.9568 
0.9623 

+9.9529 
9.9512 
9.9508 
9 . 95o5 
9.9491 

5o6 
507 
5o8 
509 
5io 

8.6563 
8.7153 
8.52x3 
8.6840 
8.5o47 

8.9450 
8.9852 
8.7905 
8.9495 
8.7678 

0.2464 
o.x85o 
0.4295 
0.2371 
0.4951 

+8.5a54 
+8.6x52 
+8.0H1 
+8.56o8 
-7.1846 

—9.9776 
—9.9838 
—9.8355 
-9.9765 
—9.5927 

-9.1654 
—9.5552 
+8.3602 

0.9626 
0.9772 
0.9779 
0.9807 
0.9825 

9.949^ 
9.9450 

9.9448 
9.9440 
9.9434 

5n 

5X2 

5i3 
5i4 
5i5 

8.7234 
8.9595 
8.63o4 
8.5522 
8.5655 

8.9745 
9.2077 
8.8764 
8.7955 
8.7990 

0.6589 
0.7846 
0.3241 
0.5490 
0.4082 

-8.6x95 
—8.9294 
+8.4347 
— 8.126X 
+8.X727 

+9.6223 
+9.8170 

-9.9487 
—8.8854 
—9.8729 

+9.5856 
+9.66x6 

—9.4977 
+9.2693 
-9.3099 

0.99x7 
0.9939 
0.9956 
0.9977 
X . oo5o 

9.9406 
9.9399 

9.9394 
9.9387 
9.9363 

5i6 
517 
5i8 
5x9 
520 

8.5737 
8.5543 
8.7039 
8 . 7040 
8.5591 

8.806X 
8.7827 
8.92x4 
8.92x3 
8.7699 

o.56o2 
0.4270 
0.2668 
0.2669 
0.4406 

—8.2x49 
+8.0627 
+8.5674 
+8.5674 
+7.9816 

—9.8378 
-9.9643 
—9 .  9642 
-9.8088 

+9.3448 
— 9.ax5o 
— 9.5780 
—9.5781 
—9.1419 

i.oo58 
X.0088 
I. 0168 
1.0x69 
1.02x7 

9.9360 
9.9350 
9.9321 
9.9320 
9.9303 

521 
522 

523 
524 
525 

8.9762 
8.6367 
8.8273 
8.5555 
8.7889 

9.1828 
8.84x6 
9.o3o3 
8.758X 
8.9746 

9.3705 

0.3547 
0.6900 
o.5i36 
0.6623 

+8.9439 
+8.400X 
—8.7567 
—7.7795 
—8.6952 

—9.9776 
—9.9272 
+9.69x6 
—9.4562 
+9.6214 

— 9.6902 
— 9.487X 
+9.6545 
+8.9494 
+9.6436 

I . 0247 
1.0259 
1.0273 
1.0276 
x.0396 

9.9291 
9.9286 
9.9281 
9.9280 
9.923X 

526 
527 
528 
529 
53o 

8.7023 
8.6559 
8.6444 
8.8938 
8.75x4 

8.8875 
8.8395 
8.8175 
9.0576 
8.9146 

0.6169 
0.3526 
0.373X 
0.7057 
0.2663 

— 8.5^4x4 
+8.4272 
+8.3756 
-8.8365 
+8.6226 

+9.42x9 
—9.9265 
—9.9x00 
+9.7x08 
-9.9557 

+9.5768 

-r-9.5lOX 

-9-4773 
+9.6952 
—9.6241 

1.0399 
i.o4ix 
X.0483 
X.0547 
•    i.o55x 

9.9229 
9.9224 
9.9192 
9.9163 
9.9x61 

53x 
532 
533 
534 
535 

8.8695 
8.9703 
9.2188 
9.X235 
8.9779 

9.0265 
9.1206 
9.3642 

9.2647 
9.X163 

0.0944 
+0.7300 
—0.1 582 
—9.6586 
+9.8342 

+8.8027 
—8.9298 
+9.2065 
+9.1039 
+8.9374 

—9.9670 
+9.7520 
— 9.9506 
—9.9554 
—9.96x8 

— 9.6902 
+9.72x1 
—9.7525 
—9 .  7480 
—9.7290 

1.0593 
I.0638 
1.0670 
1.0698 
1.07x7 

9.9x41 
9.91x9 
9.9x03 
9.9088 
9.9078 

536 
537 
538 
539 
540 

.  9.2437 
8.9725 
8.6102 
8.61x6 
8.7463 

9.3783 

8.7264 
8.7230 
8.8520 

—0.2037 

+0.7285 

o.5o33 

0.4972 
0.3238 

+0.2324 

—8.9293 
-7.6453 
-7.4403 
+8.5757 

— 9.946 X 
+9.7330 
—9.5382 

—9-5794 
—9.9302 

—9.7607 
+9.7338 
+8.8x88 
+8.6x54 
—9.6x96 

1.0742 
X.0793 
1.0860 
X.0889 
1,0925 

9 . 9065 
9.9037 
9.8999 
9.898X 
9.8960 

54x 
542 
543 
544 
545 

8.7041 
8.6523 
8.6224 
8.7811 
8.8373 

8.8026 
8.7494 
8.7164 
8.8741 
8.9289 

0.3701 
0.5432 
0.4972 
0.2986 
0.2360 

+8.46o3 
—8 .  2260 
-7.4587 
+8.6389 
+8.736X 

—9.9045 
—9 .  o4o2 
—9.5792 
—9.9353 
—9.9447 

— 9.5509 
+9.3692 
+8.6338 
—9.6558 
—9.6977 

I . 0969 
1.0978 
X.0996 
I . ioo3 

X.IOXI 

9.8932 
9.8926 
9.8915 
9.8910 
9.8905 

546 

547 
548 

549 
55o 

8.6467 
8.9169 
8.70x1 
8.6860 
-8.6325 

8.7377 
9.0034 
8.7867 
8.7714 
+8.7x32 

0.5343 

O.X25l 

o.38x8 

0.5624 

+o.5o47 

-8.1527 
+8.8509 
+8.433X 
—8,3757 
-7.7163 

— 9 . 2093 

-9.0477 
—9.8934 
— 6.3oio 
-9.5283 

+9.3o53 
—9.7360 
-9.5345 
+9.4923 
+8.8892 

1.10x5 
i.io4x 
x.io47 
I . xo48 
+1.1076 

9.888X 

9.8880 

+9.8861 
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No. 

B.A.C. 

Maf. 

Richt  Aaoension, 
Jan.  1, 1850. 

Animal 
Variation. 

North  Polar  Di»t.. 
Jan.  1, 1890 

Anra^ 

Voriacioa. 

55i 

3978 

x3  Hydm,             p 

5 

8  4o  39. II 

+3.'i86 

0      *       *f 
83  36  39.5 

+  12.95 

552 
553 

3979 
3981 

Argi!bi,               6 
Yelonmi,           a 

3 
5 

4o  33.66 
4o  56.75 

1.653 
3.034 

i44    9  38.6 
i35  39  43.6 

i3.o6 
12.99 

554 

3998 

Cariiue,            / 

5 

43  49.93 
46  17. 84 

+1.563 

i46  i3     9.1 

18.83 

555 

3oa3 

Chamaeleontis,  9 

5 

—1.816 

168  84  53.5 

12.82 

556 

3o33 

16  Hydne,             C 

4 

47  37-90 

+3.184 

83  89  I I. 8 

i3,38 

557 

3o48 

9  Ursie  Majoris,   < 
8  Ursas  Majoris,  p 

3i 

48  54. 53* 

4.125 

4l    88    84.4* 

13.76 

^558 
/559 

3o49 
3o55 

5 

48  56. 3o 

5.553 

21    47    39.9 

77  33  53.8* 

13.49 

65  Cancri,              a 

4 

5o  16.71* 

3.893 

i3.6o 

56o 

3o59 

Lyncisy 

4 

5o  53.07* 

3.931 

47  37  37.7* 

13.89 

56i 

3073 

Carinae,             i* 

4 

53  x8.oi 

1.458 

i48  39    4.8 
42  i5  i5.6* 

13.63 

563 

3075 

13  Ursae  Majoris,   k 

4 

53  31.54* 

4.i4o 

13.88 

563 

3087 

1 1  Ursae  Majoris,    a* 

5 

55    9.18* 
55  43.11 

5.399 

83  3i  48. 0* 

13.93 

564 

3089 

Carin®,             *• 

4 

1.461 

i48  3o  37.5 

i3.4o 

565 

3097 

Lyncis, 

5 

56  58.43* 

3.855 

5o  57     7.0* 

i4.o5 

566 

3099 

1 3  Ur8»  Majoris,  a» 

5 

57  7.36* 

58  i5.49 

5.407 

38  t5  44.0* 

i4.li 

567 

3io6 

i5  Ursie  Majoris,  / 

5 

4.387 

37  47  37.9 

14. 18 

568 

3io8 

i4  Urss  Majoris,  r 

5 

58  89.38 

5.044 

a5  52  52.7 

14.18 

569 

3iio 

Yelomm,           e 

5 

58  59.47 

8.084 

i36  3o  11.6 

14.  ao 

570 

3x11 

76  Cancri,              « 

5 

59  37.13* 

3.363 

78  43  52.8* 

14. 13 

571 

3ii4 

Yolantis,            a 

4i 

9    0    4.03 

0.963 

4.844 

i55  47  54.3 

i4.3i 

57a 

3i35 

16  Ursae  Majoris,   c 

5 

a  a6.i6* 

27  57  5i.o* 

14.39 

573 

3i36 

Argtto,               X 

3 

3  39.05 

8.ao3 

i33  49  45.7 

14.41 

574 

3i36 

Carioae,             G 

5 

4  43.38 

o.aoo 

163     0     6.6 

14.99 

575 

3i4o 

18  Ursae  Majoris,   e 

5 

5  31.45* 

4.383 

35  31  46.7* 

14.49 

576 

3i46 

33  Hydrae,             B 

4i 

6  33.53 

3.i3i 

87     3  19.9 
i48  81   19.5 

14.90 

577 

3i49 

Carixue,              a 

5 

7     «-»7 

1.563 

14.97 

578 

3i53 

Caiinae,             i 

5 

7    53.81 

1.354 

i5i  43     9.9 
53  33  55.6 

i4.63 

579 

3i63 

38  Lyncis, 

4 

9  29.81 

3.763 

14.80 

58o 

3i63 

Velorom,          / 

.  5 

9  4a. 55 

3.371 

127  56  44.4 

14.57 

58 1 

3177 

Argite,              ^ 

I 

11  39.18 

0.690 
3.682 

159    6     0.6 

14.79 

583 

3178 

4o  Lyncis,              a 

4 

II  54.39 

54  58  37.3 

14.93 

583 

3i86 

Yeloruni,           K 

3 

i3    4.63 

1.603 

i48  38  49.6 

14.90 

584 

3187 

5 

i3    6.71 

2.006 

l4o    85    83.3 

i5.o3 

585 

3195 

Mali,                 h 

5 

i4  5i.55 

8.663 

ii5  19  45.6* 

14.96 

586 

3199 

Draconis, 

5 

i5  i5.4a* 

9.358 

8     I     6.5* 

i5.i3 

587 

33o4 

I  Leonis,              k 

5 

i5  54.60 

3.5i4 

63  10  88.8 

i5.i6 

588 

38i3 

ArgAs,              K 

3 

17  38.39 

i.85i 

i44  83  ao.a 

15.29 

589 

3331 

33  Ursae  Majoris,   h 

4 

19  38,53* 

4.833 

a6  17  la.o* 

i5.3o 

590 

3333 

3o  Hydr«,             a 

3 

90    13. 94* 

3.951 

98     0  4o.B* 

i5.35 

591 

3336 

Hydrae, 

5 

30  30.77 

3.989 

95  85     7.7 

i5.38 

59a 

3333 

34  Ursae  Majoris,   d 

5 

31       7.77* 

5.488 

19  3o  54.9* 

i5.4i 

593 

3343 

35  Ursae  Majoris,  0 

3 

33  47.56* 

4.049 

37  38  33.1* 

16.12 

594 

3346 

4  Leonis,              X 

4i 

33     9.36* 

3.441 

66  82  24.9* 

15.58 

5^ 

3349 

Carinae,             n 

5 

83  39.13 

i.3i8 

i54  16  51.9 

i5.58 

596 

335o 

5  Leonis,             ( 

5 

93  51.37* 

3.845 

78     2  15.3* 
129  48  43.9 

i5.64 

597 

3357 

Arg6s,              V 

4 

94  48.15 

8.367 

15.54 

598 

3361 

10  Leonis  Minoris, 

5 

35    1.37 

3.707 

52  56  20.7 

i5.64 

599 

3360 

Yelorum,           N 

5 

86  40.33 

1.835 

i46  82  25.4 

i5.58 

600  i  3989 1        Cariiitt,             h 

5 

9  38    5.38 

+1.710 

i48  33  43.8 

+  15.91 
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No. 

Lofvritbnwor 

Logarlthmt  of                             | 

a 

b 

e 

d 

a' 

i' 

c' 

rf' 

55i 
552 
553 
554 
555 

—8.6368 
8.8657 
8.7884 
8.893a 
9.3430 

+8.7IOI 
8.8610 

8.9585 
9.»95i 

+o.5o3i 

0.3189 

o.3o8o 

+0.1919 

—0.3573 

— 7.68aa 
+8.7745 
+8.64i6 
+8.8139 
+9.3341 

—9.5393 

— 9-94i4 

-9.9387 
—9.9403 
-9.9138 

+8.8556 
—9.7183 
—9.6634 
-9-7341 
—9.8130 

+  1.1114 
1. 1116 
1.1134 
1.116.6 
1.1341 

+9.8835 
9.8834 
9.8827 
9.8797 
9.8740 

556 
557 
558 
559 
56o 

8.65II 
8.83ia 
9.0817 
8.6645 
8.7869 

8.6987 
8.873a 
9.1237 
8.7014 
8.8ai5 

+o.5o3o 
0.6337 
0.7440 
0.5169 
0.5984 

—7.7059 
—8.7065 
—9.0495 

—9.5400 
+9.4296 
+9-7313 
—9.4236 
+9^.34x8 

+8.8791 
+9.7037 
+9.7693 
+9.1634 
+9.6601 

I. 1366 
1.1397 
1.1897 
1.1335 
I. 1337 

9.8720 
9.8695 
9.8695 
9.8671 
9.8661 

56i 
56a 
563 
564 
565 

8.0441 
8.B3a8 
9.0806 

8; 9472 
8.7774 

8.9695 

8.8580 

8.7888 

0.1685 
0.6171 
0.733a 
0.1757 
0.5853 

+8.8756 
—8.7021 
—9.046a 
+8.8780 
—8.5767 

+1X11 

+9-6994 
—9.9347 
+9.o58i 

-9.7679 
+9.7059 
+9.8o56 
— 9.7730 
+9.6430 

1.1386 
1.1388 
I . i423 
1.1434 
1.1459 

9.8618 
9.8617 
9.8585 
9.8575 
9.8551 

566 
567 
568 
569 
570 

9.0894 

8.88a7 
9.o3o5 
8 i 8337 
8.6811 

9.1003 
8. 8893 
9.o36a 
8.8375 
8.68a6 

0.7331 
0.6334 
0.7017 
o.3i6o 
o.5i3i 

— 9.o558 
-8.7805 
—8.9846 
+8.6943 
-7-^721 

+9.6974 
+9.4729 
+9.6542 
—9.9106 
—9.458a 

+9.8103 

+9-7439 
+9.8007 
—9.7083 
+9.1398 

1.1462 
1.1484 
1.1488 
1.1498 
i.i5io 

9.8549 

9.8528 
9.8523 
9.85i4 
9 .8502 

572 
573 
574 
575 

9.0608 
9.0069 
8.8127 
9.1992 

8.9308 

9.0605 

9-1743 

8. 9005 

0.6842 
0.3432 
9.3448 
o.64o6 

+0 .  oao8 
—8. 9530 
+8. 645 1 
+9.1704 
--8.83aa 

—9.915a 
+9.6174 
-9.8997 
—9.8991 
+9.4939 

—9.8097 
+9.8001 
—9.6865 
—9.8365 
+9.7708 

i.i5i8 
1.1563 
1.1564 
i.i6o5 
I. 1616 

9-8494 
9.8448 

9.8447 
9.8404 
9.839X 

576 

577 
578 

8.6860 
8.9664 
9.0120 
8.7908 
8.794a 

8.66ia 
8.9398 
8.9831 
8.7548 
8.7573 

0.4930 
0.1998 
O.I386 
0.5756 
0.3739 

-7.3967 
+8.8965 
+8.9567 
—8.5746 
+8.5830 

—9.6000 
—9.9090 

—9.8798 

+8.5733 
-9.7935 
—9.8086 
+9.65o6 
—9.6559 

1.1638 
1.1646 
1.1661 
1.1690 
I. 1693 

9.8367 
9.8358 
9.8341 
9.8307 
9.83o3 

58 1 
58a 
583 
584 
585 

9.1419 
8.7816 
8.9806 
8.8927 
8.7437 

9.0981 
8.7364 
8.9309 
8.8429 
8.6873 

9.8588 
o.568o 
0.3068 
0.2998 
0.4238 

+9.H23 

—8.5404 
+8.9120 

+8.7796 
+8.3750 

—9.8938 
+8.4594 

—9-8974 
— 9.8390 

—9.8407 
+9.6398 
—9.8044 
-9.7699 
—9.5071 

I. 1725 
X.1731 
1.1751 
X.1752 
1.1781 

9.8265 
9.8267 
9.8232 
9.8232 
9.8194 

586 
587 
588 
589 
590 

9.5559 
8.7510 
8.9388 
9.0613 
8.7128 

Villi 

8.8733 
8.9865 
8.6358 

0.9695 
.    0.5459 
0.2685 
0.6825 
0.4698 

—9.5517 
— 8.4o54 
+8.8488 
—9.0139 
+7.8669 

+9. 7730 
—8.9595 
-9.8033 
+9.5S57 
—9.7153 

+9.8733 
+9.53ai 
—9.7903 
+9.8363 
— 9.0387 

1.1788 
1.1799 
1.1824 
1.1859 
i.i86b 

9.8186 
9.8171 
9.8137 
9.8089 
9.8076 

591 
59a 
593 
594 
595 

8.7107 
9.1861 
8.9367 
8.7511 
9.0762 

8.6331 
9.io56 
8.8397 
8 . 6638 
8.9865 

0.4756 
0.7389 
0.6200 
0.5366 

0.I203 

+7.6858 
—9.1604 
— 8.8a53 
-8.3540 
+9.0309 

—9.6935 
+9.6603 
+9-3740 
—9.1590 
— 9 . 8790 

—8.8599 
+9.8604 
+9.7873 
+9.4921 
-9-8444 

1.1870 
1.1883 
1.1909 
1.1914 
1.1919 

9.8073 
9.8055 
9.8017 
9.8008 
9.8001 

596 

598 

599 

600 

8.7337 
8.83oa 
8.8i4o 
8.9751 
—9.006a 

8.6336 
8.7355 
8.7184 
8.8731 
+8.8908 

o.5ii8 
0.3753 
0.5685 
0.3610 
+o.34o5 

— 8.o4o3 
+8.6366 
—8.5940 
+8.8956 
+8.9373 

-9.4684 
—9.8660 
+8.4900 
-9.8789 
—9.8734 

+9.3068 
—9.6981 
+9.6731 
—9.8160 
—9.8307 

1.1926 
1.1940 
I. 1943 
1.1968 
+  1.2018 

9.7992 
9.7970 
9.7965 
9.7926 
+9.7842 
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No. 
6oi 

B.A.C. 

CoMtcUatlon. 

Mag. 

Hlg^^c^on. 

Annual 
Variation. 

North  Polar  Dtet., 
Jan.  1, 1650. 

Aimval 
Variatiott. 

33oo 

Yelomm, 

M 

4 

k.  m.        a. 

9  3x   37.89 
33   11.75 

+3  .'1*57 

X38  4l     4.3 

+  X6.08 

6o3 

33o3 

35  Hydrc, 

I 

5 

3.078 

90  87  53.9 

X6.l4 

6o3 

33ii 

38  Hydra, 

K 

5 

33     7.86 

3.88X 

xo3  So  z3.o 
79  a5  40.7* 
85  39  37.8* 

16.07 

6o4 

33i3 

i4  Leonis, 

0 

4 

33     8.53» 

3.338 

16. x3 

6o5 

33i5 

5 

34  i9.o8» 

4.735 

16. i5 

606 

3330 

Carintt, 

m 

5 

35  ZZ.56 

i.65x 

x5o  39    8.7 

x6.35 

607 

333i 

17  Leonis, 

e 

3 

37  i9.69» 

3.435 

65  33  16.8* 

16.33 

608 

3346 

39  Vnm  Majoris, 

V 

4 

40  16. 98* 
4i    7-5i 

4.353 

3o  i5  33. o* 

i6.63 

609 

3353 

Carine, 

/ 

5 

1.637 

i5i  49    4.4 

16.57 

610 

3358 

3o  Ui8«  Majoria, 

^ 

5 

4x  51.86* 

4.i5o 

35  i4  17.6* 

16.57 

611 

3365 

ArgAs, 

V 

3 

43  31. 18 

I.5o3 

i54  83  38.1 

16.58 

6l3 

3371 

34  Leonia, 

A* 

3 

44  i3.4i» 

3.438 

63  17  8X.3* 

16.70 

6i3 

3373 

39  Hydrae, 

v* 

5 

44  i5.88 

3.885 

xo4    8  4x.x 

X6.66 

6i4 

34io 

Argfts, 

^ 

4 

5i  36.33 

8.093 
3.X83 

x43  5x   19.0 
81  i4  i8.4* 

16.95 

6i5 

34x5 

39  Leonia, 

If 

4i 

5a  17. ox* 

17. o5 

6i6 

3446 

31  Leonia  Minoria 

, 

5 

58  34. i4* 

3.571 

54     I  35.1* 

17.31 

617 

3453 

3o  Leonia, 

n 

3i 

59    8.85* 

3.885 

7a  3o  39.5* 

17.38 

618 

3457 

3 1  Leonia, 

A 

5 

59  56.87* 

3.194 

79  x6     9.5* 
89  38  36.0 

i7-4a 

619 

3458 

1 5  Sextantia, 

5 

10    0  15.59 

3.077 

17.39 

630 

3459 

33  Leonia, 

0 

I 

0  33.74* 

3.306 

77  18     6.8* 

17.39 

631 

3473 

4i  Hydrn, 

X 

4^ 

3  16.75 

a.  937 

xoi  36  5x.8 

17.60 

633 

3495 

Uraae  Minoria, 

5i 

6  58. 8x* 

10.307 

4  59  89.4* 
34    8  46.3* 

17.73 

633 

3496 

33  Uraae  Majoria, 

5 

7    4.60 

4.468 

17.71 

634 

35o5 

33  Uraie  Majoria, 

X 

3i 

8     1.86* 

3.659 

46  80  80.0* 

17.77 

635 

35o8 

36  Leonia, 

c 

4^ 

8  30.43 

3.355 

65  5o  i3.6 

17.70 

636 

3509 

Veloram, 

q 

4 

8  37.11 

8.5x3 

l3l    B8    53.7 

17.91 

637 

35i6 

Argda, 

ii 

4 

zo   ZO.II 

X.436 

x59  17  38. 0 

17.77 

638 

3533 

4 1  Leonia, 

r 

3 

XI  41.78* 

3.338 

69  84     7.0* 

18. oz 

639 

3536 

Carinae, 

q 

5 

X3      4.94 

1.986 

i5o  35    8.3 

17.87 

63o 

3538 

Draconia, 

5i 

13  15.65 

d.x38 

6  4o  57.7* 

17.95 

63i 

353i 

Uraas  Majoria, 

5 

i3  x5.3o 

4.445 

83  4o  38.4 

;;:i; 

633 

3533 

34  Uras  Majoria, 

ft 

3 

i3  33.36* 

3.6x5 

47  44  53.3* 

633 

3536 

Velorum, 

V 

5 

i3  59.05 

8.339 

x44  16  39.4 

18.09 

634 

3546 

Velorum, 

T 

5 

l5    30.35 

3.196 
8.558 

x45  17  87.3 

18.34 

635 

3553 

Velorum, 

r 

5 

i5  54.07 

x3o  53  5o.x 

18.08 

636 

356o 

3o  Leonia  Minoria 

, 

4i 

X7  18.33 

3.470 

55  86  3x.i 

18.18 

637 

3568 

43  Hydras, 

/< 

4 

z8  5o.4o 

3.900 
3.5o3 

X06    4  X9.4 

18. 85 

638 

3573 

3x  Leonia  Minoria,  ^3 

4i 

19  11.64* 

58  3i   33.1 

18. 86 

639 

3578 

AnUie, 

0 

4i 

80  17.69 

3.736 

180  18  83.4* 

18. 84 

64o 

358o 

36  Uraae  Majoria, 

5 

ao  59.83* 

3. 911 

33  z5     8.x* 

18.19 

64i 

3585 

Carinas 

I 

4^ 

31  34.76 

1.3X3 

x63  16     7.0 

i8.a4 

643 

3586 

Carinae, 

5 

31    4X.59 

31  50.35 

1.885 

i54  53  38.x 

18.84 

,643 

3589 

Velorum, 

P 

5 

8.337 

x46  53  84. 0 

17.9a 

'544 

3594 

Carinae, 

9 

5 

83    33.58 

3.i6x 

x47  58  35.3 

18. 83 

345 

3607 

Uraae  Majoria, 

5 

34   37.94 

3.544 

48  48  i5.3 

18.34 

646 

3609 

47  Leonia, 

P 

4 

34  54.58* 

3.171 

79  55  a4.o* 

18.39 

647 

36xo 

34  Leonia  Minoria, 

5 

34  55.63 

3.459 

54  i4  a5.5 

18.S7 

648 

36i3 

37  Ursae  Majoria, 

5 

35  37.85* 

3.939 

38    8  49.3* 

18.39 
18.38 

649 

3619 

Carinc, 

P 

4 

86  48. i3 

3. XII 

i5o  54  53.4 

65o 

364o 

37  Leonis  Minoris," 

4i 

10  3o  16.07 

-|-3.4o3 

57  i4  46.3 

+  18.54 
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No. 

Logarithms  of                              | 

a 

b 

e 

d 

a' 

y 

c' 

rf' 

6ox 
602 

—8.9068 

+8.7860 

+0.3329 
0.4863 

+8.78x6 

—9.8692 

-9.7773 

+  X.2038 

+9.7808 

8.7266 

8.6029 

+6.6356 

—9.6424 

—7.8x17 

x . 2049 

9.7790 

6o3 

8.7403 

8.6i3o 

0.4689 
0.6078 

+8.XI33 

—9.7604 

—9.2770 

I . 2062 

9.7766 

604 

8.7363 

8.6079 

-7.9989 

-9.6009 

+9.1675 

I . 2062 

9.7766 

606 

9.0930 

8.9610 

0.6742 

—9.0479 

+9.5406 

+9.8605 

1.2079 

9.7736 

606 

9.0404 

8.7745 

8.9049 
8.63o6 

0.22x7 

+8.9808 

—9.86x8 

—9.847a 

1.2091 

9.77x3 

607 

0.5347 

—8.39x6 

—9.x  864 

+9.5269 

1.2x20 

9.7667 

608 

9.0363 

8.8794 
8.9062 
8.8x63 

o.64i8 

-8.97x7 

+9.4408 

+9.8601 

x.2x6o 

9.7678 

609 

0.0646 
8.9786 

0.2173 

+9.0098 

—9 -8494 

— 9.860X 

1.2x71 

9.7555 

610 

0.6174 

—8.8907 

+9.3276 

+9.8279 

I. 2180 

9.7535 

6x1 

0.1067 
8.79x8 
8.7662 

8.9374 

0.X776 

+9.0608 
-8.4445 

—9.84x4 

—9.8728 

1.2200 

9-7494 

612 

8.6199 

0.5374 

—9.1358 

+9.6716 

I. 22 I I 

9.7469 
9.7468 

6i3 

8.684X 

0.4598 

+8.1442 

—9.7460 

—9.3070 

I. 22X1 

6i4 

8. 98x1 

8.7786 

0.3218 

+8.8883 

-9.8368 

—9.8351 

1.2302 

9.7264 

6i5 

8.7678 

8.6624 

0.6024 

—7.9406 

—9.6420 

+9.11x6 

X.23lO 

9.7334 

616 

8.8618 

8.6x94 

o.56x6 

—8.6207 

-8.7348 

+9.7049 

1.2382 

9 . 7o36 

617 

8.78x1 

8.5462 

0.6x62 

—8.3690 

—9.4193 

+9-4I46 

1.2388 

9.70x7 

6x8 

8.7690 

8.5307 

o.5o48 

—8.0390 

—9.6228 

+9.3075 

X.2397 

9.6992 

619 

8.7617 

8.6220 

0.4878 

—6.5592 

-9.6344 

+7.7353 

I . 2400 

9.6981 

620 

8.7726 

8.5324 

o.5o8o 

-8.x  147 

—9.4967 

+9.2800 

I . 2402 

9.6977 

6ai 

8.7740 

8.6209 
9.6698 

0.4678 

+8.0779 
-9.8276 

—9.7188 

— 9.2460 

1.2433 

9.6880 

622 

9.8292 

x.ox37 

+9.6376 

+9.9432 

1.2471 

9.6754 

623 

9.1671 
8.9106 
8.8x00 

8.8870 

0.65x4 

-Q.XX74 
—8.7496 

+9.4060 
+8.0043 

+9.9062 

I . 2472 

9.6749 

624 

8.6360 

0.6646 

+9.7861 

1.2482 

9.6716 

626 

8.5341 

0.6262 

— 8.422X 

— 9.3xo3 

+9.5684 

1.2485 

9.6704 

626 

8.896X 

8.6187 

o.4ox3 

+8.7x53 

—9.8026 

—9.7666 

1.2486 

9.6700 

627 

9.2236 
8.8022 

8.9392 
8.6108 

0.1682 

+9.1945 

-9.7669 

-9.9191 
+9.4969 

i.25o3 

9.6638 

628 

o.5i84 

—8.3485 

— 9.3911 

X.2618 

9.6682 

!?9 

9.0827 

8.7894 

0.2999 

+9.0227 

—9.7841 

— ^ . 8900 

1.2622 

9.6667 

63o 

9.7081 

9.4140 

0.9x68 

— 9.7061 

+9.60x4 

+9.9472 

1.2624 

9.6661 

63i 

9.17x2 
8.9068 

8.8726 

0.6474 

— 9.x33o 
—8.7334 

+9.3748 

+9.9129 

1.2533 

9.6624 

632 

8.6066 

0.5582 

— 8 . 2900 

+9.7788 

1.2534 

9.6619 
9.6496 

633 

9.0094 

8.7072 

o.36o4 

+8.9189 

-9.7894 
-9.7860 

—9.86x3 

1 .2640 

634 

9.0216 

8.7x29 

0.3462 

+8.9364 

—9.8680 

1.2653 

9.6444 

635 

8.8990 

8.5877 

0.4087 

+8.7x5x 

— 9.789X 

-9.7696 

1.2558 

9 . 6423 

636 

8.8631 

8.6460 

o.64o3 

—8.6x69 

—9-0477 

+9.7086 

1.2671 

9.6367 

637 

8.7975 

8.4719 
8.5535 

0.4633 

+8.2397 
— 8.6650 

—9.7286 

—9.3985 

1.2686 

9.63o6 

638 

8.8809 

0.6449 

—8.9310 

+9.7408 

1.2588 

9.6292 

639 

8.8463 

8.6x26 

0.4379 
0.6938 

+8.5482 

-9.7689 

—9.6606 

1.2698 

9 . 6248 

64o 

9.0430 

8.7068 

—8.9664 

+9.0600 

+9.8805 

1.2604 

9.6219 

64i 

9.3232 

8.9849 

0.0849 

+9.3044 

—9.7x96 

-9.9397 
— 9.9166 
—9.8819 

I .2607 

9 . 6202 

642 

9.1647 

8.8i5o 

0.2762 

+9.IX16 

—9.7488 

1.26x0 

9.6190 

643 

9.0462 

8.7047 

0.3463 

+8.9682 

—9.7672 

1.26x1 

9.6184 

644 

9.0687 
8.9085 

8.7166 

0.3399 

+8.9870 

-9.7637 
-8.7767 

-9.8877 

1.2616 

9.6162 

646 

8.5547 

0.5496 

— 8.7272 

+9.7798 

1.2633 

9.6073 

646 

8.7922 

8.4361 

o.5oo6 

— 8.o36x 

—9.6624 

+9.2044 

X.2637 

9.6054 

647 

8.8761 

8.6200 

0.5389 

—8.6428 

— 9.067X 

+9.7282 

X.2637 

9 . 6064 

648 

9.0699 

8.70x0 

0.6937 

—8.9876 

+9.0354 

+9.8897 

x.264s 

9.6o3o 

649 

9.X001 

8.7348 

0.3261 

+9.0416 
-8.6982 

—9-7469 

—9.9044 

1.2662 

9.6976 

660 

—8.8649 

+8.4807 

+o.63x3 

— 9 . 2000 

+9.6991 

+  1.2681 

+9.68x6 
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No.    3.A.C. 

CoDstallatioa. 

Ma,. 

,  Ri£ht  Ascension, 
Jan.  ],  18S0. 

Animal 
Variation. 

North  Polar  Dial., 
Jan.  1, 1850. 

Arnmaf 
Variatloo. 

65l 

3644 

Velornm, 

p 

5 

k.    m.        «. 
10  3<^  59.76 

+a/436 

z37  fl6  48.3 

+  18. 38 

65a 

3646 

Hydr«, 

V 

5 

Si   16.67 

3,930 

106     5  56.5 

18.53 

053 

3647 

38  UrseMajoris, 

5 

3i  39.19 

4.ai4 

a3  3o     0.1* 

18.66 

654 

365a 

Urse  Majoris, 

5 

33   15.39* 

4.435 

ao    8  38.7* 

18.65 

655 

3655 

Carine, 

<• 

5 

33    a. 83 

a. 344 

i48  a4  IS. 3 

i8«67 

656 

366o 

Chamaeleontis, 

y 

5 

33  39.04 

0.73a 

167  49  48.3 

18,  56 

657 

3685 

4a  LeonisMinona 

) 

4i 

37  30.86 

3.361 

58  3i  42.0 

18.79 

658 

3686 

AigdB, 

$ 

3 

37  37.19 

a. 118 

i53  36  33.5 

18*76 

659 

3695 

Arg^a, 

n 

a 

39  15.44 

3.3o5 

i48  53  49.5 

18.73 

66o 

370a 

ArgOa, 

A* 

3 

4o  19.80 . 

a.56o 

i38  37  4i.a 

18.9a 

66i 

3715 

Hydras, 

V    ■ 

4 

4a  i3.55 

a. ^54 

io5  a4  37.^1 

18.74 

66a 

3734 

Chamaeleontis, 

d« 

5 

44  i9*3a 

o.j63i 

169  44  57.9 

18.97 

663 

3728 

46  Leonis  MInoria, 

4^ 

44  54.49 

3.379 

54  58  39.8* 

19.35 

664 

3739 

45  Uraie  Majoria, 

0 

5 

45  19.44* 

3.491 

46    0  46.4* 

19.03 

665 

3740 

CarinaB, 

u 

5 

47  a4.97 

3.396 

14a     3  36.9 

19.09 

666 

374a 

54  Leonis, 

4i 

47  a9.a4 

3.375 

64  a7    4.4 

19.07 

667 

3766 

7  Crateria, 

a 

4 

53    38.35 

a. 919 

107  3o     1.8 

19.05 

668 

3767 

48  Uraae  Majoria,  p 

a 

53  45.41* 

3.685 

33  48  53.6* 

19.17 

669 

3768 

58  Leonia, 

d 

5 

53  48.71* 

3.104 

85  34  43.3* 

19.35 

670 

3776 

60  Leonia, 

b 

5 

54  19.05 

3.319 

69    0  56.9 

19. so 

67. 

3777 

5o  Uraie  Majoris, 

a 

i\ 

54  a5.7a* 

3.784 

a7  a6  a6.o* 

19.33 

673 

3788 

63  LeoDia, 

X 

4i 

57  16. 6i* 

3.I03 

81  5i   i5.6* 

19.39 

673 

3793 

Hydrae, 

^ 

5 

58    6.98 

3.884 

116  89    5.1 

19.36 

674 

3794 

Hydre, 

X" 

5 

58  41.71 

3.900 

116  ad  40.7 

19.37 

675 

38ia 

5a  Urse  Majoria,  ^ 

3i 

II     I  13.67* 

3.411 

44  4i  19-6* 

19-49 

676 

38i5 

Hydre, 

5 

I  39.16 

a.  897 
3.856 

117  16    5.4 

19.43 

677 

3833 

Hydne, 

5 

a  4o.85 

lai   33  16.3 

19.55 

678 

38a6 

II  Crateria, 

P 

4 

4  i7«27 

a.  947 

113     0  36.4 

19.57 

679 

3834 

68  Leonis, 

6 

ai 

6     7.46* 

3.309 

68  3o  19.3* 
73  45     0.7 

10.64 

680 

3838 

70  Leonia, 

6 

3 

6  31. 99 

3. 161 

19.54 

681 

3843 

7a  Leonia, 

5 

7  i3.i6 

3.307 

66     5  i5.4 

19.54 

68a 

3848 

74  Leonia, 

^ 

5 

9    a. 13* 

3.053 

9a  49  57.3* 
57  37  36.4 

19.61 

683 

385 1 

53  UrssB  Majoria,  i 

4 

10  10.46 

3.333 

ao.i5 

684 

3853 

54  Ura®  Majoria, 

V 

4 

10  33. o5 

3.368 

56     5  16. a 

19.55 

685 

3856 

55  Ura»  Majoria, 

5 

10  56. 5i* 

3.3oa 

5o  59  3a. a* 

19.68 

686 

3859 

I  a  Crateria, 

d 

3i 

II  50.65* 

a.  997 

io3  58     3.4* 

19.44 

687 

3863 

77  Leonis, 

a 

4 

i3  33.98* 

3.000 

83     8  58.1* 

19.66 

688 

3866 

Centauri, 

V 

4 

i4  10.55 

3.758 

i43  4o  i4.5 

19.98 

689 

3877 

78  Leonia, 

i 

4 

16     6. IS* 

3.137 

78  38  4i.5* 

19.75 

690 

388 1 

i4  Crateria, 

e 

5 

17    3.a8 

3.oa8 

100     a  i5.4 

19.69 

691 

3883 

1 5  Crateria, 

7 

4 

17  33.56 

a.  990 

106  5i  36.x 

19.67 

602 

3885 

Urate  Majoria, 

5 

17  37.47* 

3.439 

33  19  4i.o* 

19.67 

693 

3900 

84  Leonia, 

T 

4 

30  i3.3i* 

3.091 

86  19     5.9* 

19.78 

694 

3914 

I  Draconia, 

x 

3i 

33  36.4a* 

3,671 

19  5o  3o.4* 

19.87 

695 

3916 

87  Leonis, 

€ 

4i 

33  39.03* 

3,066 

9a  10  35.9* 

19.84 

696 

3933 

Hydr«, 

5 

a4  50.91 

a. 964 

118  36  aa.i* 

19.67 

697 

3938 

Hydr«, 

4 

35  38.35 

a. 941 

lai     I  39.3 

19.86 

698 

3941 

Centauri, 

X 

4 

38  53.66 

a.  734 

i5a  II  a4.o 

19.87 

699 

3943 

21  Crateris, 

e 

4 

39    4.66 

3.043 

98  58  31.5 

19.86 

700  1  3946 

91  Leonis, 

V 

4t 

II  29  16.07* 

+3.074 

89  59  46,6* 

+  19-^7, 
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No. 

Logarithms  of                             | 

a 

b 

e 

d 

«' 

b' 

c' 

d' 

65 1 
052 
653 
654 
655 

—8.960a 
8.8079 
9.1901 
9.a543 
9.0726 

+8.578X 
8.4183 
8.7984 
8.8593 
8.6733 

+0.40x3 
0.4661 
o.6a6o 
0.6466 
o.355a 

+8.8874 
+8.85o8 
-*9.x535 
-•-9. 8869 
+9.0039 

—9.7577 
-9.7x73 
+9.3350 
+9.3o38 
—9.7347 

—9.8337 
—9.4096 
+9.9393 
+9 -9400 
—9.8983 

+  1.2686 
1.3686 
I. 2691 
t.2696 
X.2702 

+9.5783 
9.5770 
9.5753 
9.5734 
9.5686 

656 
657 
658 
659 
66o 

9.4684 
8.8643 
9.1474 
9.0838 
8.9770 

9.0658 

8.4398 

8.7aa3 
8.6487 
8.S36I 

9.8975 
o.586a 

0.3638 
0.407X 

+9.4586 
-*8.58ao 
+9.0996 
+9.0x58 
+8.8633 

—9.6544 
—9.3700 
—9.7069 
—9.7x58 
-9.7343 

-9.9586 
+9.6890 
—9.9335 
—9.9051 
-9.8485 

X.2706 
1.2735 
1.2735 
1.2747 
1.2754 

9.5658 
9.5468 
9.5463 
9.5379 
9.5333 

66i 

66a 
663 
664 
665 

8.8x43 
9.5495 
8.8869 
8.9434 
9.0783 

8.3681 
9.0845 
8.4i83 

8.47aa 
8.5938 

0.4695 
9.8883 
0.5379 
o.54ao 
0.3807 

+8.8388 
+9.54a5 
-8.6457 
—8.7851 
+9.0069 

-9.7049 
—9.5980 
— 9.3333 
—8.9538 
—9.6936 

-9.3989 
— 9.9689 
+9.7351 
+9.8x83 
—9.9065 

1.2767 
X.2781 
X.2785 
1.2788 
I. 2801 

9.5333 
9.5109 
9.5076 
9.5o53 
9-4934 

666 
667 
668 
669 
670 

8.8465 
8.8;»54 
9.0710 
8.8o63 
8.8356 

8.36i6 
8.3075 
8.55ia 
8.2861 
8.3o5o 

o.5i45 
0.4696 
0.5647 
0.4914 
0.5073 

-8.48x3 
+8.3o35 
—8.9955 
—7.6933 
-8.3896 

—9.4104 
—9.7000 
+7.8976 
— 9.6x3a 
—9.4839 

+9.6x37 
—9.4590 
+o.oo?5 
+S.668X 
+9.5359 

I. 2801 

x.283i 
1.2833 
X.2833 
I.284X 

9.4930 
9.4630 
9.46x3 
9.4609 
9.45x3 

67, 

67a 
673 
674 
675 

Q.i4«4 
8.8118 
8.8560 
8.8563 
8.9634 

8.6ito 
8h36oi 
8.8988 
8.3943 
8.3811 

0.5795 
0.4945 
o.46i3 
0.46x6 
0.5333 

— 9.0905 
—7.9633 
+8.5o53 
+8.5o55 
— 8.8x4a 

+8.7033 
—9 .  5936 
—9.7054 
—9.7043 
-9.0968 

+9.9301 

+9.1349 
—9.6333 
—9.6335 
+9.8374 

x.284a 
1.3858 
1.386a 
1.3865 
1.3878 

9.4506 

9.4318 
9.496X 
9.4aax 
9.4043 

676 
677 

678 

680 

8.8608 
8.8797 
t    8.8438 
8.84a7 
8.8396 

8.3870 
8.3383 

8.3330 
8.S069 

0.4619 
0.4575 
0.4684 
o.5o4i 
0.4998 

+8.53x8 
+8.5984 
+8.4x75 
—8.4037 
—8.8765 

— 9 . 7003 
—9.6984 
—9.6934 
-9.5043 
—9.5468 

—9.6467 
— 9 . 7060 
—9.5608 
+9.5490 
+9.4349 

1.3879 
1.2885 
1.2893 
X.2901 
I . 3902 

9.4034 

9.3673 
9:3653 

68i 
68a 
683 
684 
685 

8.85i3 
8.8i36 
8.8869 
8.8946 
8.9334 

8.8313 

8.1679 

8.33x1 
8.3371 
8.3606 

o.5o6o 
0.4858 
0.5x33 
o.5x37 
o.5i86 

-8.4591 
+7.5075 
-8.6x56 
—8.64x3 
—8.7334 

—9.483a 
-9 -6477 

—9.3806 
—9.3086 

+0.5968 
-8.6830 
+9.7184 
+9.7363 
+9.7889 

I . 2906 
I. 2914 
1.3919 
1.3920 
1.2922 

9.3585 
9.3435 
9.3338 
9. 3333 
9.3373 

686 

688 
689 
690 

8.8373 
8.8180 
9.0435 
8.8a45 
8.8399 

8.1668 

8.1333 

8.3493 

8.XI3I 

8.10x0 

0.4773 
0.49x8 
0.4339 
0.4944 
0.4809 

+8.8100 

-7.8946 
+8.9487 
-8.1x87 
+8.o64a 

—9.6734 
—9.6094 
— 9 . 6ao3 
—9.5888 
— 9.66a6 

-9.3730 
+9.0676 
—9.8974 
+9.8863 
—9.3336 

I . 2926 
X.2932 
X.2935 
1.2942 
I . 8945 

9.3193 
9.3o53 
9.3980 
9.3796 
9.3704 

691 
69a 
693 
694 
695 

8.8354 
9.0765 
8.8188 
9.3873 
8.8184 

6.X098 

8.350I 
8.0631 
8.5o57 
8.0344 

0.4765 
0.5373 
0.4893 
0.5653 
0.4861 

+8.8979 

r-9.8607 
+7.3979 

— 9.67XX 
—8.9353 
—9.6353 
+7.7934 
-9.6434 

-9.4549 
+9.9x45 
+8.801X 
+9.0676 
—8.5737 

1.3947 
x.a947 
1.2957 
x.2964 
1.8964 

9.3668 
9.266X 
9.2372 
9.2x26 
9.2x08 

696 
697 
698 
699 
700 

8.8746 
8.8861 
9.i5io 
8.8353 
—^.8300 

8.0638 
8.0653 
8.3863 
7.9580 
+7.9500 

0.4713 
0.4699 
0.4358 
0.4833 
+0.4879 

+8.55a5 
+8.5983 
+0.0977 
+8.ot83 
-4.65x7 

—9.6574 
—9.6583 
— 9.508 X 
—9.6539 
-9.6375 

—9.6737 
—9.7073 

—9.9497 
— 9.X89X 

+5.8378 

1.S971 
x.a973 
x.a983 
X.3983 
+  1.3983 

9.X841 
9.X743 
9.x3i3 
9.X888 
+9.ia6x 
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No. 

B.  A.  C. 

M«g. 

Jin.  1, 1850. 

AnniMl 
Variatioa. 

North  PotarDlat., 
Jan.  1, 1650. 

Annual 
Varistion. 

701 

3978 

27  Cxateris,           C 

4 

A    m.      <. 
II   37  10.04 

+3.033 

107  3o  58.5 

+  19-97 

702 

3979 

2  YirginiB,            f 

5 

37  33.03 

3.097 

80  54  3o.i 

20.00 

703 

3981 

63  Ursae  Majoris,  % 

4 

38     6.53* 

3.209 
3.093 

4i  23  20.5* 

19-94 

704 

3982 

3  Virginis,            v 

4i 

38     8.97* 

82  37  49.4* 

20.16 

7o5 

3984 

MuBce, 

4i 

38  34.44 

a.  792 

i55  53  52.1 

20.  o3 

706 

3990 

93  Leonis, 

4 

4o  14.66 

3.107 

68  56  49.3 

19.98 

707 

3995 

94  Leanifi,              ^ 

2i 

4i  24.27* 

3.066 

74  35  22.6* 

20.09 

708 

4oo2 

5  Vixrinis,           /J 
Hyare, 

3i 

4a  52.90* 

3.128 

87  23  a5.2* 

80.88 

709 

4oi5 

4 

45  20.47* 

3.014 

123    4  86.5* 

80.  o4 

710 

4017 

64  Ursae  Majoris,   y 

a 

45  55. o6* 

3.208 

35  28  16. 8* 

8o.o4 

711 

4o48 

Chamaeleontis,  e 

5 

5a  14.93 

2.83o 

167  a3  i3.o 

20.10 

712 

4o52 

8  Virginia,            ir 

5 

53  n.i6* 

3.079 

82  32  57.7* 

20.10 

7i3 

4072 

9  Yirgiiiis,            0 

4i 

57  34. 07* 

3.064 

80  26     1.4* 

20.  o5 

714 

4078 

Crucia,              ^ 

4f 

59    5.65 

3.o4i 

i53  46  38.6 

20. 84 

7«5 

4087 

Centauri,           d 

3 

X8     0  36.54 

3.070 

139  53  i4.x 

20. i5 

716 

4090 

X  Conri,                a 

k\ 

0  41.27 

3.082 

ii3  53  28.0 

20.10 

717 

4097 

2  Conri,                e 

4 

2    25.25 

3.077 

XII  47     4.5 

20.  o3 

718 

4io3 

Centanri,           p 

4 

3  5o.i5 

3.090 
2.936 

i4i  3i  57.2 

20.  o3 

719 

4lI2 

Draconia, 

5 

5     6.43* 

II  33     0.3* 

20.  o3 

720 

4l20 

Crucia,              6 

3 

7  12.68 

3.128 

i47  54  49.3 

20.00 

721 

4i23 

69  Uran  Majoria,  6 

3 

7  58.70* 

3.0x6 

32     8     1.7* 

20.10 

722 

4124 

4  Conri,               7 

3 

8     5.97 

3.077 

106  42  3o.4 

20.02 

723 

4ia5 

6  Come, 

5 

8  22.93 
8  35.84* 

3.o54 

74  i5  53.2 

20.  o5 

724 

4x26 

2  Canuin  Venat, 

5 

3.034 

48  3o  x5.9* 

20.07 

725 

4127 

7  Come, 

5 

8  44.96 

3.o5o 

65  i3  i4.i 

20.07 

726 

4128 

Canmn  Venat, 

5 

8  57.48 

3.o4i 

56    6    2.8 

ao.82 

727 

4x3i 

Chameleontia,  /? 

5 

9  40.27 

3.3o4 

x68  88  46.3 

20 .05 

728 

4i33 

Crucia,              ^ 

5 

10  20.59 

3.i53 

i53  10  ao.8 

20.46 

729 

4i45 

x5  Virginis,            n 

^\ 

12  13.89* 

3.067 

89  49  58.5* 

20.07 

730 

4i5i 

16  Virginia,            e 

5 

12    43.93* 

3.049 

85  5i     6.5* 

20.09 

731 

4i56 

XX  Come, 

5 

i3     8.i3 

3.036 

71    88    39.8 

19.95 
19.88 

732 

4x58 

Crucia,              e 

4 

i3  18.27 

3.177 

149  34  19.6 
63  19  i3.3 

733 

4169 

12  Come, 

5 

x4  57. 6x 

3.029 

20.00 

734 

4i8i 

z3  Come, 

5 

16  46.83 

3.022 

63    4     5.6 

20.02 

735 

4x86 

Crucia, 

4i 

x8  i3.x8 

3.283 

i5a  17  23.6 

20.01 

736 

4x87 

Crucis,              a 

I 

18  18.00 

3.25i 

i52  x5  59.7 

19-94 

737 

4x91 

1 4  Come, 

5 

18  53.77 

3.0x5 

61  53  59.6 

20.01 

738 

4x95 

x5  Come,               7 

4i 

19  27.45 

3.004 

60  53  49.x 
62  20  33.2 

ao.09 

739 

4196 

16  Come, 

5 

19  29.08 

3.018 

19.98 

740 

4x97 

Centauri,           e 

4i 

19  57.03 

3.185 

139  23  55.8 

19.91 

74i 

4202 

Centauri, 

5 

20  24.87 

3.155 

128  12  37.8 

ao.s3 

742 

42X1 

7  Conri,               «J 

3 

22      6.81 

3.106 

xo5  4o  46.5 

ao.ia 

743 

42x5 

Crucia,              7 

2 

82    52.84 

3.275 

i46  16  17.7 

80.l3 

744 

4224 

Muace,             7 

4 

23  35. o5 

3.460 

161  x8  i3.2 

19.98 

745 

4226 

8  Conri,               9 

4i 

24  20.93 

3.083 

io5  81  5a. 4 

80.0I 

746 

4234 

9  Conri,               /? 

2i 

26  30.94* 

3.i3i 

112  34     O.I* 

19.99 

747 

4235 

8  Canum  Venat.,  /? 

4 

26  36. 4o* 

2.865 

47  49  35.5* 

19.64 

748 

4239 

5  Draconia,          x 

3* 

27     3.IO* 

2.6x0 

19  23    4.4* 
66  32  37.3 

19.96 

749 

4240 

23  Come, 

4i 

27  22.75 

3.0x5 

19.91 

750 

4245 

Muace,              a 

4 

12  28  18.20 

+3.48X 

i58  18  28.7 

+  19.90 
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No. 

Locarithms  of 

Logarithnw  of                              ) 

a 

h 

e 

d 

a* 

1/ 

c' 

df 

701 
702 
703 
704 
7o5 

— 8.84a4 
8.8273 
9.0016 
8. 8255 
9.2x10 

+7.8432 
7.8197 
7.0829 

7.8061 

8.i83o 

+0.4812 
0.4902 
0.5072 
0.4896 
0.4459 

+8.3309 
— 8.oa6o 
—8.8768 
-7.9337 
+9.X713 

— 9.647 X 
9.6x60 
9.3333 
9.62x4 
9.4190 

—9.4.764 
+9.1966 
+9.8732 
+9.1062 
-9.9686 

+  I.300I 
i.3ooi 

X.3002 

x.3oo2 
I.3oo3 

+8.9977 
8.9903 
8.9793 
8.9786 
8.9701 

706 
707 
708 
709 
710 

8.8523 
8.8384 
8.8232 
8.8998 
9.0694 

7.7889 
7-7485 
7.6972 
7.7061 
7.8484 

0.4935 
0.4914 
0.4879 
0.4793 
o.5o32 

—8.4077 
—8.3638 
—7.48x6 
+8.6368 
—8.9703 

9.5730 
9.5987 
9.6336 
9.6006 
9.3049 

+9.5638 
+9.4330 
+8.6672 
—9.7361 
+9.9100 

1 . 3oo6 
x.3oo8 
x.3oxo 
x.3ox3 
i.3oi4 

8.9360 
8.9087 
8.8728 
8.8o56 
8.7882 

711 
712 

714 
7i5 

9.4845 
8.8274 
8.8300 
9.1786 
9.0148 

8.0x38 

7.3006 

6.8554 

+6.7754 

—6.4392 

0.4577 
0.4880 
0.4876 
0.4857 
0.4878 

+9.4739 
—7.9403 
— 8.o5o6 
+9.i3x5 
+8.8984 

9.1066 
9.6298 
9.6296 
9.3906 
9.4434 

-9.9891 
+9.1x87 
+9.3306 
—9.9638 
—9.8836 

1.3020 
1.3020 
X.3o22 
1.3032 
I . 3023 

8.6291 

8.4730 

8.0264 

+7.6967 

-7.4344 

716 
717 
718 
719 
720 

8.8628 
8.8561 
9.o3oo 
9.5233 
9.0984 

6.3401 
6.8799 
7.2537 
7.8702 
7.5964 

0.4875 
0.4880 
0.4913 
o.466x 
0.4966 

+8.4703 
+8.4356 
+8.9338 
—9.5x34 
+9.0364 

9.6973 
9.60x1 
9.4098 
9.0363 
9.3093 

—9 .  6076 
-9.6696 
-9.8937 
+9.99x0 
-9.9378 

I.302S 
1.3082 
I . 3022 
I.302X 
I . 3030 

7.4773 
8.0238 
8.2236 
8.3478 
8.4978 

721 
722 
733 
724 
725 

0.0978 

8.8434 
8.8403 
8.9491 
8.8655 

7.6398 

7.5336 
7.4475 

0.4766 
0.4893 
0.4853 
0.4809 
0.4839 

—9.0356 
+8.30XO 
—8.2735 
—8.7704 
—8.4879 

9.4155 
9.6079 
9.63xo 
9.5439 
9.6138 

+9.9276 
-9.4584 
+9.4330 
+9.8209 
+9*6220 

X . 3020 

x.3o2o 
X.30I9 
I. 3019 
I. 3019 

8.5417 
8.6482 
8.6631 
8.6743 
8.66x7 

726 
727 
728 
729 
730 

8.9045 
9.5231 

8! 8233 
8.8344 

7.4967 
8.1482 

7.8238 
7.55xo 
.7.5696 

0.4833 
0.5347 
o.5o38 
0.487a 
0.4865 

— 8.6509 
+9.5x43 
+9.XX95 
—6.3885 
—7.^38 

9.6821 
8.657X 
9. 1920 
9.6377 
9.6403 

+9-7461 
-9.9908 
— 9.960X 
+7.4646 
+8.8687 

I. 3019 

i.3ox8 
i.3oi8 
i.3oi6 
i.3oi6 

8.69x9 

8.6247 
8.6643 
8.727X 
8.7445 

732 
733 
734 
735 

8.8466 
9.1186 
8.8719 
8.8736 
9.i55i 

7.6053 
7.8829 
7.6872 
7.7380 
8.0564 

0.4836 
o.5o55 
0.4810 
0.4801 
0.5x49 

— 8.35o8 
+9.0543 
—8.5341 
-8.5386 

+9.X03S 

9.633o 
9.2399 
9 . 6302 
9.6a33 
9.1x89 

+9.6035 

—9.9349 
+9.65x3 

+9.6549 
-9.9457 

x.3oi6 
x.3o]5 
i.3oi3 
i.3oxx 
I . 3009 

8 . 7680 
8.7636 
8.8x44 
8.864s 
8.8999 

736 
737 
738 
739 
740 

Q.I547 
8.8769 
8.8810 
8.8750 
9.0088 

8.0578 
7.7941 
7.8109 
7.8o56 
7.9497 

o.5i5o 
0.4788 
0.4782 

0.4787 
o.5o6o 

+9.10x8 

-8.5499 

—8.5679 

-8.5417 
+8.8893 

9. 1x83 
9.6249 
9.6238 
9.6272 
9.3353 

-9.9456 
+9.6716 
+9.6854 
+9.6661 
-9.8787 

i.3oo8 
I . 3007 
I . 3007 
I . 3007 
X . 3oo6 

8.90x6 
8.9167 
8.9384 
8.9390 
8.939a 

741 
742 
743 
744 
745 

8.9269 
8.8384 
9.0773 
9.3x57 
8.8373 

7.8778 
7.8243 
8.0780 
8.3297 
7.865s 

o.5oo3 
0.4933 
o.5i46 
0.54x1 
0.4937 

+8.7x83 

+8.3701 

+8.9973 

+9.3922 

+8.2604 

9.4564 
9.6931 
9.1989 
8.62x2 
9.6914 

-9.7896 
-9.4398 
-9.9178 
—9-9743 
—9.4307 

i.3oo6 
I . 3oo2 
i.3ooi 
1.2999 
1.2998 

8.9493 
8.9838 
8.9986 
9.0XX7 
9.0366 

746 

747 
748 

749 
760 

8.8556 
8. 95x1 

—9.2528 

7.9209 
8.0x79 
8.3739 
7.9376 
—8.3467 

0.4963 
0.4669 
0.4188 

0.4773 
+0.5433 

+8.4S96 
—8.7781 
—9.3745 
—8.4583 
+9.3209 

9.6619 
9.60x4 
9.4067 
9.6489 
—8.66x8 

—9.6811 
+9.8340 
+9.9716 
+9.6968 
—9.9648 

1.2993 
1.2993 
1.2992 
X.2991 
+  X.2989 

9 . 0634 
9.0639 
9.0710 
9 . 076a 
— 9 . 0906 
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No. 

B.A.G. 

Mag. 

Right  Ascension, 
Jan.  1, 1850. 

Annual 
VsriaUon. 

NortliPoUurDlst., 
Jan.  1, 1890. 

Annad 
Variation. 

751 

425i 

Centauri, 

T 

5 

h.  m.        9. 

12  29  3x.49 

+3.'sUi 

e                    ** 

137  4a  49.2 

+  19-84 

752 

4257 

26  VirgioiB, 

X 

5 

3x  30.74 

3.094 

97  10    7.4 

19.91 

753 

4262 

Centauri, 

5 

3i  46.59 

3.220 

129    0  37.5 
i38     8     6.9 

19.9s 

754 

4264 

Centauri, 

7 

3 

33  i6.3i 

3.266 

19.89 

755 

4268 

29  Yirgima, 

7 

4 

34    3.69* 

3.o4o 

90  37  33.7* 

19.85 

756 

4271 

3o  YirgmiSv 

P 

5 

34  17.41 

3.037 

78  56    9.4 

19.02 

19. dc 

757 

4280 

MUSCK, 

P 

4 

37     8.73 

3.577 

157  17    8.2 

758 

4289 

Crucis, 

fi 

2 

38  59.94 

3.443 

i48  52    0.4 

19.71 

759 

4290 

27  Com», 

5 

39     9,07 

3.oo3 

72  36    4.7 

19.75 

760 

4293 

Octantia, 

I 

5 

39  45.57 

5.396 

174  18  14. I 

19-43 

761 

4331 

Centauri, 

5 

45     8.75 

3.287 

X29  81  4a. I 
i46  ax  4o.3 

19.77 

762 

4325 

Centauri, 

5 

45  49.29 

3.473 

19.57 

763 

4328 

35  Comae, 

5 

45  54.4i» 

2V960 

67  56  19.3* 

19.69 

764 

433o 

4o  Virginia, 

i' 

5 

46  33. 4i* 

3.116 

98  43  23.4* 

19. 66 

765 

4335 

77  UrssMajoria, 

e 

3 

47  24.86* 

2.668 

33  i3  3o.6* 

19.69 

766 

4339 

Urase  Minoria, 

5i 

47  57.88* 

o.3o4 

5  45  58.9* 

19.63 

767 

4340 

43  Virginia, 

6 

3 

48    2.89* 

3. 023 

85  47  "-6* 

19.71 

768 

4342 

Urase  Minoria, 

5i 

48     5.49* 

0.288 

5  46  17.0* 

19.60 

769 

4346 

12  CanumVenat, 

a 

2i 

49     O.X7* 

2.323 

5o  52  13.9* 

19.56 

770 

435i 

36  Come, 

4i 

5i  3o.25 

2.974 

71  46  48.7 

19-49 

771 

4353 

Moace, 

6 

4 

52     2.64 

'M 

x6o  44  16.9 

19.55 

772 

436o 

37  Comae, 

5 

53     5.57 

58  a4  i3.4 

19.60 

773 

4366 

78  Uraae  Majoria, 

5 

54  16.67* 

2.601 

32  49  26.6* 

19.48 

774 

4367 

47  Virginia, 

e 

3 

54  42% 83 

2.993 

78  i3  58.3 

19.46 

775 

4379 

Centauri, 

e 

5 

58  ii.o3 

3.464 

139     6     5.4 

19.62 

776 

4384 

1 4  CanumVenat, 

5 

58  43.20* 

2.825 

53  a3  5o.6* 

19.39 

777 

4387 

39  Comae, 

5 

59     2.53 

2.932 

2.888 

68     2  22.6 

19.42 

778 

4390 

4 1  Comae, 

4 

59  58.69* 

61  34    8.4* 

19.46 

779 

780 

4391 
4395 

49  Virffinia, 
45  Hydne, 

i 

5 
4i 

i3     0     2.60* 
0*  59.31 

3.137 
3.219 

99  56  13.7* 
1x2  18  60.9 

19. 4o 
19-41 

781 

4401 

5x  Virginia, 

e 

4i 

2  11.26* 

3.X01 

94  44  ia.9* 

19.37 

782 

4406 

42  Comae, 

a 

4i 

2  41.49 

2.924 

71  4o  33.6* 

19.17 

783 

4409 

Centauri, 

5 

2  5o.o2 

3.398 

1:3  34    4.x 

X9.38 

784 

44i8 

53  Virginia, 

5 

4    4.93* 

3.18X 

io5  23  17. I* 

19.57 

785 

4421 

43  Comae, 

P 

A\ 

4  52.01* 

2. 811 

61  21  37.3* 

18.35 

786 

4426 

Muacae, 

V 

5 

5    9.35 

3.943 

i57     5  45.4 

19.09 

787 

4433 

Canum  Veinat, 

5 

6  54.62* 

2.734 

49     3     6.7* 

19.27 

788 
789 

4449 
445o 

61  Virginia, 
46  Hydrae, 

7 

4t 
4 

10  33.88* 
10  46.68 

3.129 
3.247 

107  28  3i.6* 
1x2  22  39.5 

20.14 

19. If' 

790 

445i 

ao  CanumVenat., 

5 

10  48.56* 

2 .703 

48  38  10.5* 

19. 08 

791 

4456 

21  CanumVenat, 

5 

II  5i«25 

2.571 

39  3i  4i.2 
125  55  12.2* 

19.11 

792 

4458 

Centauri, 

I 

3 

12  11.09 

3.348 

19.21 

793 

448o 

67  Virginia, 

a 

I 

17  17.79* 

3.152 

100  82  36.5* 

18.98 

794 

4483 

Octantia, 

K 

5 

17  38.76 

8.075 

175    0  59.7 

19.54 

795 

4484 

79  Uraae  Majoria,   C 

3 

17  52.63* 

2.437 

34  17  a4.o* 

18.95 

796 

4492 

68  Virginia, 

i 

5 

18  48.23 

3. 161 

loi  55  3o.5 

18.92 

797 

4493 

80  Urate  Majoria, 

g 

5 

19  12.48* 

2.424 

34  i3  44.0* 

18.92 

798 

4507 

Centauri, 

4i 

22  21.97 

3.445 

128  37  48.8 

18.82 

799 

4532 

79  Virginia, 

C 

4 

27     3.24* 

3.055 

89  49  38.2* 

18.57 

800 

4538 

24  CanumVenat, 

5 

x3  28  18.98* 

4-2.466 

4o  12  56.5* 

-fi8.6ol 
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c 

ATALOOVE- OP 

1500  Stars. 

Now 

LofFBrittams  of 

Logarithms  of 

a 

b 

1        c 

d 

a' 

6' 

c' 

d' 

762 

7S3 
754 
755 

— 8.99a4 
8.8232 
8.9302 
8.9960 
8.8191 

—8.1048 

7.9643 

8.0749 

8.X699 
7.9944 

-1-0. 5x33 
0.4906 
0.6080 
0.6x67 

0.4875 

+8.86x6 
+7.9194 
+8.7306 
+S.  8669 
+0.8677 

—9.8945 
—9.6x66 
—9.3966 
—9.3698 
—9.6358 

—9.8656 
— 9.098X 
— 9.7963 
-9.8674 
—8.0337 

+X.2986 
X.298X 
X . 2980 
X.2976 
1.2974 

—9.1088 
9.1369 
9.x4o5 
9.X604 
9.X705 

756 

757 
758 
759 
760 

8.8372 
9.83i4 
o.io4i 
8.8379 
9.8306 

8.0064 
8.4460 
8.3393 
8.0747 
9.0643 

o«48i7 
0.6646 
0.5373 
0.4770 
0,73x1 

— 8.I103 
+9-1964 
+9.0365 
-8.3x36 
+9.8186 

—9.6675 
—8.37x8 
—8.8998 
—9.6674 
+9.1096 

+9.3783 
-9.9693 
—9.9361 
+9.4693 
-9.9913 

1.2973 
1.2966 
1.2969 
1.2969 
X.2967 

9.X734 
9.2078 
9.2288 
9.23o5 
9.2371 

76. 

76a 
763 
764 
765 

8.9373 
9.07x7 
8.8483 
8.8199 
9.0768 

8.3373 
8.3784 
8.1657 
8.1338 
8.3978 

o.5x66 
o.64o3 

0.4717 
0.4930 
0.4335 

+8.7294 
+8.993X 
—8.4330 
+8.0008 
—8.9983 

-9.3361 
—8.8766 
—9.6784 
— 9.6008 
—9.6x34 

-9.7938 
—9.9x17 
+9.6660 
—9.17x8 
+9.9131 

1.2937 
1.2935 
1.2935 
X.2932 
1.2939 

9.2916 
9.2980 
9.2988 
9.3o48 
9.3126 

766 
767 
768 
769 
770. 

9.8x83 
8.8x65 
9.8119 
8.9242 
8.8362 

8!x434 
9.140X 
8.36x0 
8.1943 

9.6061 
0.4843 

9-4994 
0.4533 
0.473X 

— 9.8XOX 
—7.68x6 
—9.8097 
—8.7343 
— 8.33o3 

-9.3986 
—9.65x4 
-9.3993 
— 9.6736 
—9.6830 

+9.9888 
+8.8665 
+9.9882 

+9-7901 
+9.4840 

1.2926 
1.2926 
1.2926 
1.2922 
1.2912 

9.3176 
9.3i83 
9.3x86 
9.3268 
9.3480 

771 

77a 
773 

775 

8!88i8 
9.0776 
8.8206 
8.9937 

6.6580 
8.3646 
8.46o3 
8.3069 
8.4078 

0.6946 
0.4697 
0.4x33 

0.4778 
0.5389 

+9.3693 
—8. 601 1 
— 9 . 0020 
— 8.x3ox 
+8.8733 

+8.8407 
— 9.690X 
—9.6369 

-9.9637 
+9.7076 
+9.9x82 
+9.2970 
—9.8643 

1.2909 
1 . 2906 
1.3899 
1.2897 
1.2881 

9.35a5 
9.3610 
9.3704 
9.3738 
9.4000 

776 

777 
778 

779 
780 

8.0049 

8.d43x 
8.8647 
8.8x64 
8.8432 

8  33^ 
8.3638 
8.3936 
8.3438 
8.3776 

o.45ox 
0.4673 
0.4599 
0.4957 
0.6073 

— 8.68o3 

—8,4x49 
-8.6424 
+8.0624 
+8.43x6 

—9.6986 
—9.6971 
— 9.703X 
—9.5830 
— 9-4794 

+9.7610 
+9.5583 
-I-9.6627 
— 9.22x9 
—9.6639 

1.2878 
1.2877 
1.2872 
1.287X 
1.2867 

9.4039 
9.4062 
9.4139 
9.4133 
9.4x99 

781 
78a. 
783 
7fi4 
785 

8.8092 
8.830I 
8.o4o2 

8.8236 

8.8630 

8.3636 

8.3781 
8.3893 
8.3807 
8.3366 

0.4914 
0.4700 
0.53x9 
0.6014 
0.4574 

+7.7361 
-8.3376 
+8.7706 
+8.3464 
—8.6436 

—9.6x33 
—9.6963 
— 9.i36x 
-9.638X 
— 9.71x6 

—8 .  9007 
+9.48x0 
—9.8x37 
—9.4066 
+9.6630 

1,2860 
1.2868 
1.2867 
1.2860 
1.2846 

9.4388 
9.43x6 
9.4326 
9.4409 
9.4461 

786 
787 
788 
789 
790 

9.2x60 
8.9370 

8.8335 
8.8369 
8.9376 

8.6817 

8.4049 
8.3360 
8 . 3407 
8.43x5 

0,6976 
0.4373 
o.6o49 
o.6xo3 
0.4334 

+o.x8o3 
—8.7435 
+8.30XO 
+8.4175 
-8.7476 

+8.9618 
—9.7x30 
— 9.609 X 
-9.4658, 
-9.73x6 

—9.9466 

+9-7977 
—9.4666 
-9.6696 
+9.7990 

1,2844 
1.2835 
1.28x3 
.  1.2812 
1.2812 

9.4479 
9.4591 
9.4816 
9.4838 
9.483o 

791 

79a 
793 

794 
795 

8.8069 
8.8693 
9.0475 

8.6093 
8.4066 
8.35o8 
9.4063 
8 . 6960 

o.4ioi 
0.6377 
0.4986 
0.9XX8 
0.3833 

-8.8857 
+8.6630 
+8.o6x5 
+0.8676 
^8.9646 

-9.71x1 
— 9.3397 
—9.6660 
+9-4675 
-9.7x69 

+9.8655 
—9.7466 
—9.2304 

1.2806 
1.2803 
1.2770 
1.2768 
1.2767 

9.4891 
9.491X 
9.6197 
9.63x6 
9.6228 

796 
797 
798 

799 
800 

8.8073 
9.0473 

8 . 9036 

8.7918 

—8.9808 

8.36x3 
8.6037 
8.4773 

a. 3930 

—8.6890 

o.6oo5 
o.38xx 
0.5374 
0.4870 
+0.3938 

+8. 1324 

—8.9647 
+8,6979 

— 6.27x9 
—8.8637 

— 9.550X 
—9.7x95 
— 9.0770 
—9.6386 
-9.7537 

—9.2890 
+9.8909 
—9.7667 

+7-4479 
+9.8498 

1.2760 
1.2768 
1.2736 
1.270X 
+1.2691 

9.6278 
9.5299 
9.5462 
9.6691 
—9.6751 
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Catalogue 

OP  1500 

Stars. 

No. 

B.A.C. 

CooateUatlon. 

Mi«. 

Rigbt  A^w^nHiw. 
Jan.  1,  1890. 

AnDQia 
Variatioo. 

North  Polar  Dtat., 
Jan.  1, 1890. 

VariatioB. 

8oi 

4549 

Centanri, 

e 

3 

A.    m.        M. 
i3  3o  35.18 

+3.735 

i4a  4a     3.5 

+  18.59 

8oa 

4552 

a  5  CanumVenat 

, 

5 

3o  46.67 

3.681 

53  56  35.8* 

l8.5o 

8o3 

4568 

83  Ursae  Majoris, 

5 

35    3.54* 

3!74l 

34  33  38.4* 

18. 4i 

8o4 

4579 

I  Centauri, 

t 

5 

37  10. 64* 

122  16  59.5* 

18.47 

8o5 

458o 

Centauri, 

5 

37  11.59 

i4o  4o  36.7 

18.13 

806 

4597 

4  Bootia, 

T 

5 

40    8.o4» 

3.856 

71  47  36.6* 

18.  18 

807 

46oi 

Centauri, 

V 

H 

4o  3i.88 

3.56a 

i3o  56  i5.5 

18.25 

808 

4602 

Centauri, 

fl 

3i 

4o  36.11 

3.570 

i3i  43  26.6 

18. a5 

809 

46o3 

a  Centauri, 

g 

5 

4o  46.47* 

3.45a 

123  43     0.1* 

x8.3o 

810 

4607 

85  UrsQ  Majoris, 

V 

ai 

4i  37.37* 

9.353 

39  56  I I. I* 

28.15 

811 

46i5 

5  Bootis, 

V 

4 

4a  14.59 

3.895 

73  37  30.4 

18.04 

8ia 

4623 

3  Centauri, 

k 

4i 

43    II.OO* 

3.443 

133    l4    54.6* 

18.17 

8i3 

4629 
4638 

4  Centauri, 

A 

5 

44  35.4a* 

3.43i 

131   II     5.6* 

x8.o6 

814 

Centauri, 

f 

3 

46  13.67 

3.693 
X.755 

i36  33  49.6 
34  3s     5.4* 

18. o5 

8i5 

4646 

10  Draconiti 

t 

4^ 

47    3.i4* 

17-97 

816 

4648 

8  Bootis, 

n 

3 

47  33.54* 

9.863 

70  5o  54.3* 

i8.st4 

817 

4653 

Centauri, 

f 

4i 

49  10.53 

3.608 

i3i  31  58.7 

18.01 

818 

4654 

Centauri, 

v* 

5 

49  36.39 
49  43. i5 

3.654 

i34    4    9-7 
61  46  i3.3 

18.06 

819 

4656 

9  Bootia, 

5 

3.746 

17,87 

Sao 

466o 

Apodis, 

$ 

5 

5o  54.43 

5.537 

166    4  14.9 

18. o5 

8ai 

4668 

Centauri, 

v« 

5 

58  33.67 

3.695 

i34  52  38.7 

17.61 

839 

4669 

Cfentauri, 

p 

I 

53  17.41 

4.145 

149  38  44.6 

17.72 

8a3 

4672 

93  Virginia, 

T 

4i 

54     I . 07 

3.o5o 

87  43  37.5 

17.69 

824 

468 1 

Centauri, 

X 

5 

56  54.81 

3.636 

i3o  37  31.9 

17.70 

8a5 

4685 

49  Hydrae, 

V 

4i 

57  50.59 

3.398 

ii5  57  33.9 

17.60 

8a6 

4686 

5  Centauri, 

e 

af 

57  51.34* 

3.5o5 

135  37  4q.4* 
170  17  43.0 

18.09 

^Z 

4692 

Apodis, 

n 

5 

59  45.17 

6.914 
1. 618 

17.13 

8a8 

4696 

II  Draconia, 

a 

3* 

i4    0  19.87* 

24  54  ai.4* 

17.37 

839 

4705 

Octantis, 

6 

5 

3  39.32 

8.534 

173  58  33.8 

I7*a4 

83o 

4708 

5o  Hydrs, 

5 

4  II. 19 

3.417 

116  33     7.3 

17.82 

83i 

471a 

Apodis, 

e 

5 

4  39.94 

6.839 
3.io5 
3.109 

169  a4  30.9 
09  34  33.5* 
37  3o  a4.o* 

16.69 

832 

4716 

98  Virginia, 

K 

4 

4  54.02* 

17.14 

833 

4736 

17  Bootis, 

K 

5 

8    6.4i* 

17.03 

834 

4737 

99  Virginis, 

I 

4 

8    9.33* 

3.i4a 

95  16  55.1* 

17.41 

835 

4729 

16  Bootis, 

a 

I 

8  49.a4* 

a.  734 

70    a     3.9* 

18.93 

836 

473a 

Urse  Minoris, 

5 

9  19.15 

+1.110 

19  5i  44.6* 

17.01 

837 

4733 

4  UrsA  Minoris, 

Var. 

9  30.89 

—0.387 

II  44  5i.6* 

16.95 

838 

4734 

Lupi, 

i 

4i 

9  49.7a 

+3.806 

i35  31  48.9 

17.12 

839 

4741 

19  Bootis, 

X 

4 

10  40.70* 

a.  388 

43  i3  i5.8* 

16.75 

84o 

474a 

a  I  Bootis, 

I 

4 

10  5i.oi* 

9,i3o 

37  56  91.3* 

16.80 

84i 

4743 

100  Virginis, 

X 

4 

II     o.oi* 

3.337 

103  4o  4o.8* 

16.84 

84a 

4745 

Centauri, 

* 

5 

II  37.41 

3.619 

137  II  33.9 

138  49  31.3 

16.93 

843 

4759 

Centauri, 

5 

i3  48.86 

3.659 

16.73 

844 

4768 

Lupi, 

T» 

5 

16  33.09 

3.8ia 

i34  3a  34.0 

16.78 

845 

4770 

Lupi, 

T« 

5 

16  33.81 

3.833 

i34  4i  53.5 

16.71 

846 

4789 

a3  Bootis, 

e 

4 

90     5.33* 

3.045 

37  97  i5.o* 

16.85 

847 

479a 

io5  Virginis, 

f 

5 

30  38.88 

3.090 

91  33     9.4 

16.43 

848 

48ox 

Lupi, 

a 

5 

33  33.78 

3.987 

i3o  47  i7-a 
58  58     4.0* 

16.94 

849 

4808 

25  Bootis, 

P 

4 

35  31.85* 

3.590 

16.02 

85o 

48ii 

Centauri, 

n 

3 

I 4  36    0.34 

+3.770 

i3i  39  44*6 

+  16.24, 
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N«. 

Logarithnw  or 

Logsrithmc  of                             | 

a 

h 

c 

d 

of 

*' 

c' 

rf' 

6oi 
8oa 
8o3 
8o4 
8o5 

—9.0067 

8.8869 
9.03x7 
8.8566 
8.9818 

—8.6262 
8.5o83 
8.6754 
8.5x12 
8.6364 

+0.5735 
0.4283 
0^3596 
0.5B38 
0.573X 

+8.9074 
—8.6670 
—8.9474 
+8.5842 
+8.8703 

+8.63x4 
—9.7625 
-9.76x9 
— 9.X676 
+8.6365 

—9.8659 
+9-745X 
+9.8773 
—9.6873 
-9.8488 

+  X.2675 
X.2672 
x^2638 
I. 2619 
1.26x9 

—9.5848 
9.5864 
9 .6052 
9.6143 
9.6x44 

806 
807 
808 
809 
8x0 

8.8034 
8.9oa5 
8.9077 
8.8604 
8.9733 

8. 4737 
8.5738 

8.5794 
8.5329 
8.6489 

0.4601 
o.55i8 
0.5536 
0.5378 
0.3776 

— 8.398X 
+8.7x89 
+8.7300 
+8.6046 
—8.8569 

— 816946 
-8.6128 
— 9.0962 
—9.7836 

+9-45x9 
—9.7733 
-9.7790 
—9.7008 
+9.84o5 

1.2694 
X.2590 
X.2590 

X.2588 
x.a58x 

9.6265 
9.628X 
9.6284 
9.629X 
9.6385 

811 
8ia 
8i3 
8i4 
8x5 

8.8448 
8.938X 
9.X564 

8.477« 
8.5353 
8.5358 
8.6368 
8.8591 

0.4623 
0.5363 
0.5349 
0.5684 
0.2435 

—8.3620 
+8.5783 
+8.5590 

+8.7990 
— 9.XI53 

-9.73x5 

— 9.x556 

+8.4i5o 

9.7707 

+9.4098 
—9.6816 
—9.6673 
—9.8x35 
+9.9097 

X.2575 
x.a566 
1.2553 
X.2538 
x.a53o 

9.6350 
9.6387 
9.6441 
9.65o3 
9.6535 

816 
817 
8x8 
819 
8aQ 

8.8973 
8.9160 
8.8a7i 
9.3894 

8.5o4o 
8.6100 
8.6298 
8.5423 
9.IX01 

0.4565 
0.5576 
0.564I 
0.4377 
0.7465 

-8.?x49 
+8.7174 
+8.7583 
— 8.5o2o 
+9.3765 

—5.7469 
—8.3560 
+7.892X 
-9.7783 
+9.54o5 

+9.4663 
-9.7689 
—9.7908 
+9.6331 
— 9.934X 

1.2625 

1.25X0 

1.2607 
i.25o4 
1.2493 

9.6554 
9.66x4 
9.6634 
9.6634 
9.6677 

821 

89a 
8a3 
8a4 
8a5 

8.9100 
9.0600 
8.7681 
8.8835 
8.8100 

8.6465 
8.7965 
8.5o3o 
8.63x3 
8.56x9 

0.5679 

0.6184 
0.4836 
0.5596 
o^53o3 

+8.7676 
+9.0000 
—7.3665 
+8.6956 
+8.45x1 

+8.3945 
+9.2700 
-0.6556 
— 8.X230 
—9.2428 

+8.5423 
—9.7530 
—9.5810 

1.2478 
1.2469 
X.2461 
X.243I 
X.2421 

9.6730 
9.6763 
9.6787 
9.6887 
9.69x8 

8aG 
827 
8a8 
8ao 
83o 

8.8538 

9.5349 
9.1367 
9.6700 
8.8o5a 

8.6059 
9.2953 
8.8995 
9.4466 
8.5847 

0.5493 
0.8434 
o.2ix5 
0.9363 
0.5334 

+8.6I9X 
+9.5287 

+9!  6668 
+8.4555 

— 8.8ao3 
+9.6319 
—9.8044 
+9.6593 
-9.1978 

—9.7063 
— 9*93x5 
+9.8948 
—9.9304 
-9.5833 

i.a42i 
x.24oo 
1.2394 
1.3359 
x.335x 

9.6919 
9.6983 
9.7001 
9.7x03 
9.7x34 

83x 
83a 
833 
834 
835 

9.4918 
8.7620 
8.9677 
8.75iP 
8.7783 

9.3734 
8.5447 

8.5775 

o.83o6 
o.5o35 
o.33x8 
0.4964 
0.4490 

+^.4843 
+7.9830 
—8.8671 
+7.7181 
-8.3ii6 

+9.6334 
—9.5336 
—9.8356 
—9.5835 
—9.7708 

-9.9348 
— 9.x53o 

+9.4608 

1.3345 
X.2343 
i.23o5 
x^23o5 
1.2297 

9.7x39 

9.7x47 
9.7245 

9.7347 
9.7267 

836 
837 
838 
839 
840. 

9.3196 
9.44x7 
6.9034 
8.9x36 
8.9603 

r,    9.0309 

0.3439 
8.7069 
8.7306 
jB.7679 

4-0.0379 

-9.5707 

+0.5795 

0.3622 

.p.33i2 

—9.1930 

-9.4325 
+8.7557 
—8,7761 
^8.8671 

—9.8x33 
-9.7873 
+8.8865 
—9.8393 
—9.8407 

+9.9003 
+9.9x74 
-9.7785 
+9.7878 
+9.8219 

J.239X 

X . 2208 

X.3285 

.1.2274 
1.2373 

9.7283 
9.7388 
9.7297 
*  9-.  7322 
9.7327 

84i 
84a 
843 
844 
845 

8! 8469 
8.8537 
8.8889 
8.8900 

8.5678 
8.6573 
8.6737 

8,7300 
8*7313 

0.6097 
Q.5589 
o*.5639 
o.58o8 
0.58x3 

+8.1008 
+8.6283 
+8.6509 
+8.7348 
+8.7372 

—0.4839 
-8.3480 
+7.875X 
+8.9358 
+8.9360 

—9.2662 

-9-7057 

—9.7186 

-9.7639 

— 9.7650 

1.3370 
x.3a65 
x.a336 
i.saoi 

i.3aox 

9.7332 

:  9.7345 

9-74i4 
9.7491 
9-7491 

SA9 

848 

849 
85o 

a. 953a 

8.7368 
8.9239 
8.707X 

—8.8546 

8.7794 

8.6638 
—8.7238 

0.3x58 
0.490a 
o.6oxa 
o.4i4o 
+0.5768 

—8.8529    —9.8570 
+7.X697    —9.62x4 
+8.8068    +9.2x67 
—8.5093    —9.8309 
+8.6758     f  8. 8395 

+9.81S0 

—8.3456 
-9.7920 
+9.6x83 
—9.7264 

1.3x55 
1.3x49 

X.3IS2 

I.2083 
+X.2074 

9.7688 
9.7599 
9.7654 
9.7728 
—9.7744 

Eb 
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Table  XXX. 


Catalogue 

OP  1600 

Stars 

. 

No. 

B.A.C. 

Mag. 

Right  AaeenstoD, 
Ju.  1,  1850. 

Annnal 
Varimtkra. 

North  PotarDlaC, 
Jan.  1, 1890. 

AbbuI 
Vartatioa. 

85i 

48x3 

37  BootiB, 

r 

3i 

k.    m.        s. 
l4   86      3.30* 

+3.439 

0       '        " 
5i     3     O.I* 

+  15.98 

85a 

48a  I 

Lupi, 

P 

5 

37   49.93 

+3.998 

i38  46     7.9 

16.25 

853 
'854 

48aa 

5  Ursc  Minoris, 

4 

37  54.43* 

-0.344 

i3  38  i4.3* 

i6.o5 

4833 

a8  Bootis, 

c 

5 

38    9.03* 

+3.6x5 

59  36     3.7 

iS.So 

855 

483i 

CeDtauri, 

a» 

4 

39  36.46 

4.0x8 

x5o  13  53.8 

i5.li 

856 

483a 

Centanri, 

o« 

I 

39  38.00 

4.018 

x5o  la  37.4 

i5.ii 

857 

4833 

Apodis, 

a 

4i 

39  39.31 

7.009 

168  34     1.9 

:?:S 

858 

4835 

C&cini, 

a 

4 

3o  37.77 

4.739 

x54  19    0.9 

859 

4839 

liupi, 

a 

3 

3i  58.96 
33  39. $9 

3.941 

x36  44  a6.3 

i5.88 

86o 

484a 

Centeuri, 

5 

3.697 

137     8  45.7 

15.83 

86  X 

4847 

39  Bootis, 

IT 

3i 

33  40.55 

3.816 

73  56    7.1 

15.69 

86a 

4849 

3o  Bootis, 

c 

3i 

33  59.35* 

3.86X 

75  37  3x.6* 

15.70 

863 

485o 

3 1  Bootis, 

5 

34  16.99 

uil 

8x   II  36.9 

15I70 

864 

485a 

Centauri, 

5 

34   3o.03 

134  3i  86.3 

15.93 

865 

4855 

107  Virginia, 

A« 

4i 

35     9.63* 

3.i55 

95      0    13.3* 

16.96 

866 

4864 

34  Bootia, 

4i 

36  49.91 

3.643 

63  49  53.6 
73  83  49.6 

i5.53 

867 

4873 

35  Bootia, 

0 

4i 

38  X4.67 

3.800 

1 5. 48 

868 

4876 

36  Bootia, 

e 

3 

38  36. x4* 

3.633 

63  17  37.3* 

i5.45 

869 

4878 

109  Virginia, 
56  Hydne, 

4 

38  4o.84 

3.039 
3.478 

87  38  17.4 

i5.46 

870 

4880 

5 

39    coo 

xi5  37  ao.5* 

i5.5i 

871 

488a 

57  Hydre, 
7  Librs, 

5 

39  11.59* 

3.483 

116    0  5.0.9* 

i5.48 

87a 

4890 

/I 

5 

4 I     6.33* 

3.370 
3.5o3 

xo3  3x   i4.o* 

i5.3i 

873 

4891 

58  HydMB, 

5 

4i  39.44* 

X17  19  55.8* 

i5.32 

874 

4892 

Lupi, 

0 

5 

4i  53.47 

3.885 

i33  57     3.3 

i5.4x 

875 

4895 

9  libne, 

a 

3 

4a  35. 3i* 

3.309 

io5  84  54.7* 

i5.29 

876 

4905 

37  Bootia, 

f 

H 

44  88.38 

a.  767 

70  16  38.4 

15.25 

877 

4933 

1 5  Libre, 

^ 

5 

48  38.13* 

3.345 

100  48    4.4* 

14.90 

878 

4934 

Lupi, 

/? 

3 

48  43. ox 

49  35.53 

3.891 

i33  3i  38. 0 

14.98' 

879 

4928 

Centauri, 

X 

3 

+3.865 

i3i  39  53.6 

i4.£ii 

880 

4936 

7  Urstt  Minoria,  /? 

3 

5i  13. o3* 

—0.373 

i5  i3  53.8* 

14.78 

881 

Si 

X9  Libre, 

d 

4i 

5a  57.84* 

+3.197 

97  55  i3.o* 

14.62 

S8a 

Lupi, 

IT 

5 

54  55.81 

4 .039 
0.935 

I 36  87  36.4 

14.63] 

883 

4949 

Draconia, 

5 

55  13.83 

83  a8     9.4 

14.43 

884 

4950 

30  Librae, 

3| 

55  X8.10* 

3.496 

xi4  4i  19.7* 

i4.5o 

885 

4951 

no  Virginia, 

5 

55  19.57 

3.037 

87  18  57.7 

14.46 

886 

4958 

43  Bootia, 

/? 

3 

56  17.80* 

3.364 

49    0  55.3* 

14.46 

887 

4969 

43  Bootia, 

* 

5 

58     1. 19 

a.  573 

63  87  53.6* 

i4.3o 

888 

4970 

31  Libre, 

V« 

5 

58  X6.19 

3.335 

io5  4o  x6.8 

14.32 

889 

4973 

Lupi, 

X 

5 

58  45.79 

3.996 

x34  4i  57.5 

14.48 

890 

4974 

44  Bootia, 

»• 

5 

58  5o.83* 

1.978 

4i  45  35.0* 

14.82 

891 

4981 

45  Bootia, 

e 

5 

x5    0  43.75 

+  3.633 

64  33  36.0 

i4.3o 

893 

4983 

Urae  Minoria, 

5 

0  44. o5 

—4.797 

6  53  84.6 

24.14 

893 

4986 

Lupi, 

K 

5 

;  ii.ti 

+4.  lis 

i38    9  44.8 

14.19 

894 

4987 

Lupi, 

c 

4 

4.35o 

i4i  3x  87.0 
i58    7    9.5 

14. 3i 

895 

5oo5 

Tnang.  Aust., 

7 

3 

'  4  59.47 

5.456 

13.92 

896 

5oxi 

Circini, 

P 

5 

5  48.85 

4.6x3 

i48  i4    4.8 

13.85 

897 

5o38 

Lupi, 

fi 

5 

8     7.65 

4.137 

137  19    6.9 
60  x6  35.8 

13.85 

898 

5o3i 

48  Bootia, 

X 

5 

8  X3.96 

3.5o8 

13.65 

899 

5o33 

3  Lupi, 

4i 

8  43.96* 

3.63i 

119  35  33.9* 
98  49  33.1* 

13.69 

900 

5o34 

37  Libre, 

p 

3i 

i5    8  56.44* 

+3.830 

+  x3.6a' 
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ATALOOUE     OP 

1500   Stars. 

1  No. 

Logarlthnuor                             ||                              Logarithms  of                             1 

a 

b 

e 

d 

a' 

y 

c' 

d' 

85x 

—8.8383 

—8.7077 

+0.385I 

—8.6369 

—9.8522 

+9.7037 

+1.2073 

—9.7745 

852 

8.9076 
8.7903 

'  8.7840 

+0.6007 

+8.7838 

+9.2206 

-9.7788 

X.2048 

9.7790 

853 

9.2306 

8.6680 

—9.3876 

-9.34x5 

-9.8368 

+9.890X 

X.2047 

9.7792 

854 

+0.4147 

-8.4945 

—9.8319 

+9.6063 

1.2044 

9.7798 

855 

9.0281 

8.9108 

0.6521 

+8.9665 

+9.4929 

—9.8387 

I . 2025 

9.7831 

856 

9.0280 

8.9109 

9.3038 

0.6521 

+8.9664 

+9.4929 
+9.7053 
+9.5587 

—9.8387 

1.2025 

9.7831 

857 

9.4208 

0.8466 

+9.41x8 

-9.89x3 
—9.8536 

I . 2024 

9.7832 

858 

9.0858 
8.8846 

8.9726 

0.6783 

+9.0406 
+8.7469 

1.20x0 

9.7856 

859 

8.7773 

0.5961 

+9.X787 

—9.6765 

I. 1988 

9.7893 

86o 

8.8180 

8.7133 

0.5678 

+8.5989 

+8.4346 

I. 1978 

9.7909 

86i 

8.7375 

8.6368 

0.4496 

— 8.2o5o 

—9.7762 

+9.36x6 

I.X963 

9.7934 

862 

8.7313 

8.63i8 

o.456o 

—8.1262 

-9.7596 

+9.2885 

I.X958 

9.7941 

863 

8.7222 

8.6239 

0.4686 

-7.9071 

—9.7196 

+9.0781 

X.X953 

9-7948 

864 

8.8008 

8.7034 

0.5617 

+8.5542 

—7.5682 

—9 .  6462 

I.X950 

9.7953 

865 

8.7174 

8.6225 

0.4975 

+7-6579 

-9.5772 

—9.8323 

X.I94O 

9.7969 

866 

8.7639 
8.7318 

8.6755 

0.4211 

— 8.4a34 

— 9.8291 

+9.5488 

I.X9X4 
1.X892 

9.8008 

867 

8.6488 

0.4472 

-8.2X24 

—9.7826 

+9.3676 

9.8041 

868 

8.7635 

8.68i3 

0.4188 

-8.43x0 

— 9.8330 

+0.5542 
+8.53x0 

I. 1889 

9.8045 

869 

8.7107 

8.6294 

0.4819 

—7.3553 

—9.6644 

I.X886 

9.8o5i 

870 

8.7541 

8.6741 

0.541 3 

+8.3874 

—9.0682 

-9.519X 

1.188X 

9.8o58 

871 

8.7558 

8.6765 

0.5426 

+8.3979 

—9.0382 

— 9.5276 

I. 1878 

9.8062 

872 

8.7186 

8.6467 

o.5i57 

+8.0874 

—0.4327 
—8.9450 

—9.25x3 

I. 1847 

9.8x06 

873 

8.7572 

8.6867 

0.5463 

+8.4x91 

—9.5438 

i.i84i 

9.8xx4 

874 

8.8407 

8.7717 

0.5887 

+8.6741 

+9.0955 
—9.3897 

—9.7146 

I.X835 

9.8x23 

875 

8.7199 

8.6537 

0.5199 

+8.1445 

—9.3047 

I. 1823 

9.8x39 

876 

8.7272 

8.6681 

0.4402 

-8.2555 

—9.7997 

+9.4053 

1.1792 

9.8x80 

877 

8.7017 

8.6585 

o.5io8 

+7-9744 

-9-4778 

—9.1428 

1.X722 

9.8269 

878 

8.8263 

8.7835 

0.5904 

+0.5874 

+8.6562 

+9 -"74 

-9.6097 
— 9 . 6899 

I. 1720 

9.827X 

879 

8.8181 

8.7779 

+8.6393 

+9.0842 

1.1709 
1.1678 

9.8285 

880 

9.2699 

9.2366 

—9.4242 

—9.2544 

-9.8863 

+9.85oo 

9.8322 

881 

8.6905 

8.6638 

+o.5o49 

+7.8297 
+8.7049 
—9.0446 
+8.3446 

-9.5256 

— 9.00x6 

I . 1646 

9.8357 

882 

8.8447 

8.8254 

0.6067 

+9.3o58 

-9.7192 

1.X61X 

9.8397 

883 

9*.  082 1 
8.7237 

9.0640 

Ulll 

—9.9073 

+9.8209 

1.1606 

9.8402 

884 

0 . 0040 

—9.02x6 

+8!5286 

1.1604 

9.8404 

885 

8.6826 

0.48x0 

—7.3530 

-9.6683 

1.1604 

9.84o5 

886 

8.8024 

8.7884 

0.3546 

— 8.6192 

—9.8942 
— 9.85o6 

+9.6732 

1.1586 

9.8424 

887 

8.7293 

8.7218 

0.4120 

-8.3942 

+9.5x81 

I.I554 

9.8457 

888 

8.6931 

8.6865 

0.5229 

+8.1247 

—9.3583 

—9.2843 

i.i55o 

9.8462 

889 

8.8240 

8.8193 

0.6022 

+8.67x2 

+9.2700 

—9.6990 

i.i54o 

9.8471 

890 

8.8521 

8.8477 

o.3o47 

—8.7248 

—9.9x05 

+9.7244 

1.1539 

9.8473 

891 

8.7164 

8.7191 
8.8521 

+0.4182 

—8.3497 

—9.8431 

+9-48x4 

x.i5o4 

9.85o8 

^? 

9.5940 
8.8463 

—0.68x0 

+8!7?8l 

—9.8786 

+9.8450 

i.i5o3 

9.8509 

893 

+o.6x63 

+9.38x7 

—9.7x87 

1.1488 

9.8524 

894 

8.8765 

8.8824 

o.63o2 

+8 .  7702 

+9.4583 

—9.7402 

i.i488 

9.8524 

895 

9.0924 

9.1113 

0.7384 

+9.0599 

+9.7064 

-9.8074 

I . 1420 

9.8587 

896 

2'S^?7 

8.9628 

0.6661 

+8.8703 

+9.5886 

—9.7677 

i.i4o4 

9.8602 

In 

8.8263 

8.8571 

0.6161 

+8.6926 

+9.3869 

+& 

1.1357 

9,8644 

898 

8.7185 

8.7497 

0.4000 

— 8.4i38 

-0.8691 
— 8.x8x8 

1.1356 

9.8645 

899 

8.7169 

8.7500 

0.5596 
+o.5o83 

+8.4io5 

— 9.5250 
—9.0178 

1.X345 

9.8654 

321, 

—8.6609 

-8.6949 

+7.8468 

—9.5000 

+i.i34i 

—9.8658 
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Table  XXOL. 


Catalogue   OF   IfiOO  Stars. 


No. 

B.A.C 

Mb«. 

AlflttAaofliuiom 
Jan.  1, 1880. 

Anntial 
Variation. 

Nortb  Polar  DIBC, 
Jan.  1.1890. 

Auwal 
TariatioB, 

"1 

901 

6o36 

49  BootiB,              6 

3i 

i5    9  37.44^ 

+8.431 

56    7  ax. 8* 

+13.67 

90a 

5o46 

Lupi,                 6 

4 

11  3a. 5o 

3.898 

x3o     6    4.1 

13.65 

903 

6049 

Lupi,                v» 

5 

II  4a.44 

4.X38 

x37  33  36.x 

13.67 

904 

5o54 

Lupi,                f 

5 

xa  x8.66 

3.791 

X3&  42  44*9 

i3.46< 

905 

5o56 

Lupi,                e 

4i 

la  30.65 

4.088 

i34    8  44.4 

23.5^ 

r 

906 

5o6o 

Lupi,                ♦• 

5 

i3  35.4b 

+3.803 

ia6  x8  58.8 

i3.3^ 

\ 

907 

5o79 

XI  UrsieMinoriB, 

5 

17  x5.33* 

—0.086 

X7  87  53.5* 

i3.oi 

1 

908 

5o84 

5 1  Bootis,              n 

4 

18  4o.4fi* 

19  48.37* 

+3.367 

5a     5  39.0* 

ia.89J 

909 

6089 

33  Libra,              C" 

4 

+3.374 

106  11  33.9* 

ia-94' 

910 

6094 

x3  UrsK  MiBoriB,  y 

3i 

ax    0.38* 

--0.146 

17  37  56. 0* 

ia.771 

911 

5097 

13  Draconis,          i 

3 

ai  36. oo* 

+1.333 

3o  3o  24.8* 

ia-76 

91a 

5098 

3  Coionn  Bor.,    P 

4 

.  ai  38.99 

a.48o 

60    88    37.3* 

13-71 

913 

5io3 

Triang.Aust,  e 

5 

a3  ■  3.33 

5.356 

i55  48  33.5 

13. 93 

914 

5ii8 

Lupi,                y 

3 

35    9.83 

3.963 

x3o  39  39.7 

ia.71 

9i5 

5135 

37  Libra, 

4 

a5  59,19* 

3.368 

99  33  46.7* 

13.73 

916 

5i3i 

4  Coronn  Bor.,    9 

4i 

a6  63.95 

a.4i5 

58     7  53.5 

ia.44 

917 

5r34 

38  Libra,              y 

4i 

a7    8.48* 

3*344 

xo4  17    6.7* 

im.39 

918 

5i35 

1 3  SerpentiB,-        6 

3 

37  38.64 

a.  866 

78  57  30. 3 

18. 3a 

919 

5r38 

39  Libra, 

4 

37  55.83* 

3«6a4 

117  38  .  1.5* 

ia.33 

930 

5i39 

Lupi,                « 

5 

37  58. 18 

4iOi8 

x3a    4  16.9 

ia-49 

9ai 

5i43 

5  CoromD  Bor.,    a 

ai 

aS  oo.aS* 

a.  539 

€a  46  S9.0* 

13. 39 

9aa 

5i5i 

4o  Libra, 

4i 

39  «7.38* 

3.668 

1x9  16  47-7* 

13.39 

9a3 

5i55 

6  CoroBtt  Bor.,    /c 

5 

89  44.71* 

a.aoo 

5o  89  30.8* 

18.93 

9^4 

5i65 

Lupi, 

5 

3o  53.87 

4.090 

x34    9  33.9 

ia.49 

9a5 

5176 

43  Libra,              « 

S 

33.18.7$* 

3.445 

109  XI    18.6* 

I3»o6 

936 

5178 

7  Goronae  Bor.,    C 

5 

33  44.09 

a. 371 

5a  53  38.8 

18. o5 

937 

6187 

31  Serpentis,          i 

5 

3461.89 
35  38.48* 

3.670 

69  5o  34.8 
io5  II  37.1* 

11.89 

938 

6x90 

44  Libra,              n 

4^ 

+3.371 

11.86 

939 

5191 

x5  Ursa  Minoris,  d 

5 

35  58. i5* 

-1.976 
+a.5i9 

xa    9  XI. 9* 
63  i3  3x.5 

11.79 

930 

6x93 

6  CoronB  Bar.,    y 

5 

36  36.63 

11.68 

931 

6x96 

94  Serpentit,         a 

ai 

36  53.90* 

a.  953 

83    5  56.0* 

11.67 

933 

63i4 

37  Seipentit,          X 

4i 

39  xo.x5* 

3.9x8 

8a  to  33.9* 

ii.6o 

933 

6216 

a8  SerpentiB,         p 

3i 

39  15.99 

40  46.33 

3.767 

74     6  i6.3* 

11.56. 

934 

5224 

Triang.  AuBt.,  k 

5 

5.836 

x58     8  53.3 

11.46 

935 

5237 

5  Lupi,                 X 

4 

4i  46.51* 

3.789 

ia3     9  56.5* 

11.46 

936 

5a3o 

33  SerpontiB,         /i 

3^ 

.  4i  47-94 

3.138 

93  58    0.4 

11.38 

937 

5s3a 

I  Scorpii,             h 

5 

4i  58. o5* 

3.593 

1x5  17  36.3* 

11.40 

938 

5a33 

Triang.  AuBt,  /? 

3 

4i  59.10 

5.8o5 

x53  57  36.8 

IX. 73 

939 

5334 

35  SerpentiB,         k 

4 

4i  59.54 

a.  700 

71  33  38.4 

IX.41 

940 

5344 

10  Goroon  Bor.,    d 

4i 

43  X8.39 

a.5i3 

,  63  38     6.7 

XI. 3o 

941 

5345 

37  SerpentiB,          e 

3 

43  30.57 

3!587 

85     4     3.3 

II. 31 

94a 

535o 

3  Scorpii,             A 

5 

44  37.01* 

ii4  53  39.x* 

XI. 19 

943 

685i 

45  Libra,               A 

4 

44  .38.15* 

3.471 

109  4a  60.7* 

11.19 

944 

5a53 

38  SerpentiB,         p 

4i 

44  4o.8o 

3.635 

68  34     1.4 

II. II 

945 

5357 

46  Libra,               e 

4i 

45  I7.47* 

3.410 

106  X7     5.3* 

10.99 

946 

5s59 

IX  Gorons  Bor.,    k 

5 

45  34.78 

3.356 

53  53  85.6 

XI. 43 

947 

5368 

Lupi,                 f 

4i 

47  18.95 

3.817 

133  3x   x6.4 

10,98 

948 

5372 

5  Scorpii,             p 

4 

47  37.93* 

48  47.63* 

3.689 

X18  46  17. 6* 

10.97 
10.86 

949 

5379 

DraconiB, 

5 

x.4ox 

33  43  49.6* 

960 

5384 

4x  Seipentis,          y 

3 

i5  49  31.73* 

+3.769 

73  5o  40.4   - 

+  13. o5 

.' 

Iabjlb  XJLI« 
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GATiLLo«:uc  OF   1500   Stars. 


K<k 


LogarithiMof 


LogariitoM  of 


901 
902 
9o3 
904 
90S 

906 

907 
908 
909 
91  a 

9X1 
91a 
9i3 
9x4 
916 

916 
917 
918 
919 
930- 

9fli 
93a 
9a3 
924 
935 

936 
937 
938 
939 
930 

931 
93a 
933 
934 
935 

936 
937 
938 
939 
940 

941 
943 
943 
944 
945 

946 

947 
948 

949 
960 


—8.7355 
8.7668 
8.8193 
8.7398 
8.7935 

8.73:98 
9.1 568 
8.7375 
8.65oo 
9. .1484 

8.9328 
8.6891 

o.oia4 
8.7400 
8.6342 

8.6869 
8.6390 

8.6832 

8.6660 
8.7427 

8.6634 
8.6691 
8.7317 
8.7505 
8.6349 

8.6974 
8.6335 
8.6095 
9.2699 
8.6412 

8.5940 
8.5888 
8.6014 


8.6558 

8.5782 
8.6809 
8.9194 
8.6004 
8.6318 

8.5749 
8.6130 
8.5959 
8.6007 
8.5856 

8.6597 
8.64IO 
8.6183 
8.8i38 
— 8.S730 


"•8.7714 
8.8106 
8.8638 
8.7860 

. 8.8400 

8.7915 
9.2335 
8.8093 
8.7254 
9.2285 

9.oo5i 
8.7716 
9.1004 
8.8362 
8.7235 

8.7897 
8.7338 
8.7380 
8.7739 
8.8498 

8.7719 
8.7830 
8.8357 
8.8688 
8.7539 

8.8371 
8.7578 
8.7468 
o.4o85 
8*7817 

8.7362 
8 . 7403 
8.7532 
9.1675 
8.8164 

8.7402 
8.7836 
9.0833 
8.7633 
8 . 7899 

8.7433 
8.7856 
8.7695 
8.7745 
8.7619 

8.8372 
8.8257 
8.8043 
9.0040 
--8.7669 


+0.3621 
0.5917 
0.6179 
0.5782 
o.6o6x 


-^8.4817 
+8.6758 
+8.6861 
+8.5o54 
+8.6354 


+o.58o4 
— 9.0770 
+0.3573 
+0.5273 
—9.3138 

+0.I313 

0.3953 
0.7304 
0.5984 
o.5xi4 

0.3835 
0.5335 
0.4573 
0.5590 
0.6044 

0.4038 
o.  564o 
0.3418 
o.6i32 
0.5370 

0.3537 

0.4273 

+0.5369 

—0.2904 

+o.4o3i 

0.4683 
0.4654 
0.4408 
0.7640 
0.5786 

0.4953 
o.555a 
0.7185 
o.43i3 
0.4011 

0.4735 
0.5546 
0.5401 
0.4207 
0.5309 

0.3537 
o.58xt 
0.5665 
0.1422 
+0.4384 


+8.5i23 
— 9.1359 
—8.6260 
+8.0953 
-••9.1275 

—8.8581 
—8.3831 
+8.9726 
+8.5540 
+7-8439 

—8.4095 
+8.0212 
—7.9046 
+8.3324 
+8.5688 


—9.8867 
+9.1641 
+9.4019 
+8.9133 
+9.3164 

+8.9694 
—9.9316 
— 9 . 9090 
—9.3084 
—9.9366 

-9.9466 
-9.8708 
+9.7332 
+9.2633 
— 9-4745 

—9.8938 
—9.3553 
—9.7610 
8.2810 
+9.3x37 


—8, 
+8. 
—8. 
+8, 
+8, 

8. 
—8. 
+8. 


—1 
—7 
—8 

+8 
+8 


3238 
3584 
5253 
6935 
,i4i6 

.4781 
1608 
,0278 
,2600 
2949 


9 
+9 
-9 

-9 
-9 
-9 
-9 
-9 


,6737  11-9, 
,7229  |-9. 
,0390  ||— 9' 
,9772 
,3939 


E 


+7.2921 

+8.25i5 
+8.8692 
—8. 1043 
—8.3718 

—7.6093 
+8.3369 
+8.I840 
8.1635 
+8.0334 

— 8.43o3 
+8.383I 
-i-8.3oo7 
—8.7331 
-8.0176 


8739 
9445 
9338 
3856 
1662 

'8358 
,3162 
.o466 
8766 

.7229 
7334 
.8071 
,7786 
9385 


—9 .  6920 
—8.6064 
+9.7397 
—9.8289 
|— 9.8796 

-9.7030 
-8.6464 
-9.1083 
-9.8498 
-9.2629 

-9.9261 
-9.0022 
-8.S679 
-9.973a 

-9.8137 


+9.5770 
—9.6355 
— 9.6929 
— 9.6911 
—9.6673 

— 9 . 6946 
+9.7933 
+9.6991 
—9.3538 
+9.7849 

+9.7397 
+9-4983 
— 9.7613 
— 9.6101 
— 9.0139 

+9 -6147 
—9.1837 
+9.0726 
-9,4550 
— 9.6105 

+9.4489 
—9.4762 
+9.6887 
—9.6254 
— 9.2929 

+9.5558 
-|-9.3oo5 
—9.1885 
+9.7694 
+9.4217 

+8.8467 
+8.8960 
+9.1981 
—9.7241 
—9,4927 

8.4676 
—9.3839 
—9.7029 
+9.2671 
+9.3995 

+8.6838 
-9.3697 
—9.2738 
+9.3084 
—9.1917 

+9.5i36 
—9.4802 

—9.4196 
+9.6637 

+9- '76' 


.i33o 
.1287 
.1284 
.1271 
.  1267 

.1244 
.1164 
.1129 
.1107 
.1080 

.1066 
.1066 
.1033 
.0984 
.0964 

.0943 
.0936 
.0924 
.0917 

•  0916 

.0007 
.0880 
.0873 
.0846 
.0784 

.0773 
.0744 
♦0724 
.0716 
.0703 

.0601 
.o63i 
.0628 
.o587 

•  0669 

.0669 
.o554 
.0564 
.o564 

•  0617 

.0616 
.o48o 
.0480 
.0479 
.o46i 

.0453 
.o4o3 
.0394 
.o36o 
.0338 


.8667 
.8703 
.8706 
.8716 
.8719 

.8738 

8799 
.8824 
.8839 
,8869 

.8868 
.8869 
.8890 
8923 
.8935 


9.8949 
8963 


.8960 
.8964 
.8966 

.8970 
.8987 
.8991 
.9007 
.904a 


9.9048 
9.9064 
9.9076 
9.9079 
9.9086 

9.9092 
9.9123 
9.9124 
9.9144 
9.9163 

9.9167 
9.9160 
9.9160 
9.9160 
9.9177 


9177 
9194 
9194 
9194 
.9202 


9.9206 

9.9228 

9.9231 

9,9246 

-9.9266 
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Table  XXX. 


Catalogue  of  1500  Stars. 


No. 

B.A.C. 

CoiutellatioiL 

Mag 

RlshtAMMUlon, 
Jwi.  1,  1850. 

Annual 
Variation. 

NonhFolsrDiiC., 
Jan.  1,  18SO. 

VoitedM. 

95i 

5a85 

x6  Uree  Minoris,  C 

4 

i5  49  31.76* 

—3.3x6 

0      /         * 

II  44  48. o* 

+  10.81 

95a 

5a89 

6  Scorpii, 

IT 

3i 

49  47 -la* 

+  3.6x5 

xx5  4o  39. a* 

10.8S 

953 

5390 

48  Libra, 

4i 

49  47.74* 

3.349 

io3  5o  32 -S* 

10.78 

954 

5393 

Lupi, 

n 

4i 

5o  11.69 

3.946 

137  57  44.5 

10.87 

955 

53oa 

1 3  Corone  Bar., 

e 

Ak 

5l    33. 73* 

3.487 

6341     4-7* 

XO.70 

956 

53o3 

7  Scorpii, 

S 

3 

5i  a8.3i« 

3.535 

XX3  II  24.8* 

10.68 

957 

5333 

44  Serpentis, 

V 

4i 

55  5o.i4 

3.581 

66  46  31.7 

10.36 

958 

5333 

Noimae, 

6 

5 

55  54.33 

4.X98 

x34  45  4i.x 

10.49 

959 

5334 

5 1  Librae, 

A\ 

56    7. 67* 

3.391 

xoo  57  18.0 

10.34 

960 

5339 

8  Scorpii, 

^ 

3 

56  43. 3i* 

3.478 

109  33  a5.3* 

10. 3o 

961 

533i 

Lupi, 

e 

4i 

56  45.38* 

3.031 

3.5o3 

136  33  21 .3* 

X0.35 

96a 

5337 

9  Scorpii, 

0^ 

4i 

58    3.5i 

no  i5  27.3 

10.17 

963 

5338 

6  Herculis, 

V 

5 

58     7.43* 

i.86x 

43  33  4o.5« 

10. s4 

964 

5343 

10  Scorpii, 

«« 

4i 

58  36.94* 
58  59.55 

3.5o8 

xxo  87  3i.o* 

10. i5 

965 

5347 

Scorpii, 

5 

3.643 

ii5  55  i3.3 

10.17 

966 

5348 

1 3  Draconis, 

B 

3 

59      5.33* 

I.X34 

3i     I  58.6* 

9.78 

967 

5375 

Triang.  Aiist., 

6 

A^ 

x6     I  49.66 

5.364 

i53  17  4i  .7 

9.88 

968 

538i 

1 3  Scorpii, 

c« 

5 

3    4.5o* 

3.689 
3.478 

117  3i   55.1* 

9.80 

969 

5383 

i4  Scorpii, 

V 

4 

.  3  17.04* 

X09    3  58.9* 
99  4o  16.8 

9.75 

970 

5386 

x5  Scorpii, 

* 

5 

3  48.53* 

3.871 

9.78 

971 

5388 

II  Herculis, 

f 

5 

4    3.i5 

1.869 

44  4o  10.8 

9.70 

97a 

5406 

Draconis, 

5 

5  55.91* 

6  39.31* 

0.137 

31  47  39. 6* 

9.50 

973 

54i4 

I  Ophiuchi, 

i 

3 

3.138 

93  18  14. 5* 

9.64 

974 

5420 

18  Scorpii, 

5 

7  38. 3o* 

3.85o 

97  58     3.9 

9.96 

975 

5435 

Nomue, 

y* 

5 

8  38.46 

4.455 

139  46  55.2 

9.53 

976 

5437 

a  Ophiuchi, 

e 

3 

zo  33.41* 

3.168 

94    19    22.2** 

9.19 

977 

5439 

Apodis, 

y 

5 

10  36.36 

8.783 

x68  33     7.8 

10.34 

978 

5447 

so  Scorpii, 

a 

4 

13    4.73* 

3.634 

1x5  i3  3o.8« 

9.10 

8.84 

979 

5456 

5o  Sefpeutis, 

a 

5 

i4  38.83 

3.035 

88  36  49.4 

980 

5459 

Draconis, 

5 

i4  45.56* 

+0.983 

39  5i  47. 5* 

8.89 

981 

5463 

19  Ursn  Minoris, 

5 

i5    9.79* 

— X.863 

i3  44  49. o« 

8.86 

98a 

5463 

83  Herculis, 

T 

4 

i5  13.93* 

+  1-799 
8.645 

43  19  37. 6« 

8.83 

983 

5466 

30  Herculis, 

7 

3i 

i5  18.39 

70  89  28.4 

8.80 

984 

5467 

4  Ophiuchi, 

i' 

5 

i5  19.86* 
z6  15.37 

3.5oi 

109  4o  53.4* 
58  45  22.3 

8.90 

985 

5473 

19  Corone  Bor., 

1 

5 

a.  340 

8.63 

986 

5477 

5  Ophiuchi, 

p 

5 

16  35.90 

3.586 

1x3    5  44.8 

8.7a 

987 

5479 

30  Corone  Bor., 

v» 

5 

16  43.67* 

a.a6i 

55  5o  4i-2» 

8.8a 

988 

5480 

31   Corone  Bor., 

v« 

5 

16  5o.33* 

3.369 

55  56  40.9* 

8.75 

989 

5489 

7  Ophiuchi, 
34  Herculis, 

X 

5 

18  30.16* 

3.468 

108    6  4o.  !• 

8.60 

990 

5490 

0 

5 

18  39.44 

3.753 

75  37     2.5 

8.6a 

991 

5494 

Ophiuchi, 

5 

19  37.94 

3.aa5 

97  i4  5i.o 

8.5i 

99a 

5495 

3  Ophiuchi, 
35  Herculis, 

V 

5 

19  41.78* 

3.354 

98     I  55. 3» 

8.5o 

993 

5496 

5 

30      3.57 

8.134 

53  i5  4o.8 

8.47 

994 

5498 

31  Scorpii, 

a 

I 

30  x3.07* 

3.668 

1x6     5  38.9* 

^  / 
8.49 
8.39 

995 

55o3 

Draconis, 

5 

31      8.75* 

i.3oo 

34  87     6.9* 

996 

997 

55o8 
55io 

Apoifis, 

P 

4 
5 

SI  35.40* 

31    49.41 

+?:??? 

xa4  83  34.8* 
167  XI  86.5 

8.43 
8.63 

998 

55ii 

31  Urse  Minoris, 

V 

5 

31    57.31* 

— X.839 

i3  54    4. 8* 

8.13 

999 

55i3 

1 4  Draconis, 

n 

3 

31  58*.  36* 

+0.880 

a8    8  42.4* 

8.24 

1000 

55i6 

8  Ophiuchi, 

^ 

4i 

16    33    33.61* 

+3.430 

106  16  50.9* 

+-  8.3o 
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C4TAL00UB  OF   1500  Stars* 


No. 

Logutthms  of 

a 

b 

c        1         d 

a' 

y 

c' 

d^ 

95. 
952 
953 
954 
955 

—9.2468 

8.6568 
8.6oi3 

—9.4406 
8.7948 
8.76a5 
8.8534 
8.8oa9 

—0.3701 

+0.5578 

0.5248 

0.5967 

0.3955 

—9.2376 

+8.2367 
+7.9464 
+8.4458 
—8.2631 

—9.9605 
— 8.4i33 
—9.3418 
+9.2480 
—9.8888 

+9.7224 
—9.3676 
-9.1097 
—9.5x86 
+9.3878 

+  I.0338 
i.o33i 
i.o33o 
i.o3i9 
I. 0283 

— 9-9855 
9.9258 
9.9258 
9.9263 
9.9277 

956 

958 
959 
960 

8.5831 
8.5730 
8.6848 
8.5433 
8.5588 

8.7851 
8.7935 
8.9056 
8.7651 
8.783a 

0.5481 
o.4ii5 
0.6240 
0.5175 
0.5409 

+8.1603 
-8.1688 
+8.5324 
+7.8222 
+8.0800 

—8.9x38 
—9.8673 
+9.4703 
—9.4203 
—9.0941 

—9.3029 
+9.3082 
—9.5598 
-8.9903 
— 9.2307 

1.0280 
1.0146 
1.0144 
1.0x37 
X.0118 

9.9278 
9.9329 
9.9330 
9.9332 
9.9339 

961 
96a 
963 
964 
965 

8.6276 
8.5570 
8.690S 
8.5557 
8.5722 

8.85ao 
8.7870 
8.9aia 
8.7882 
8.8064 

0.5929 
0.5436 
0*2691 
0.5442 
o.56oi 

+8.4008 
+8.0964 
-8.55x1 
+8.0992 
+8.2228 

+9.2047 
—9.0362 
-9.9655 
—9.0212 
— 8.X038 

—9.4827 
—9.2447 
+9.5653 
—9.2470 
—9.3429 

X.0X17 
I . 0076 
1.0073 
1.0057 
1.0045 

9.9339 
9.9354 
9.9355 
9.9360 
9-9364 

966 
III 

969 
970 

8.8i36 
8.8642 
8.5648 
8.5364 
8.5x64 

9.0482 
0.1108 
8.8170 
«  8.7895 
8.7718 

0.0609 
0.7310 
0.5657 
0.5408 
o.5i45 

-8.7465 
+8.8i52 
+8.2297 
+8.o5o5 
+7.7417 

—9.9841 
+9.7651 
+8.2695 
—9.0969 
-9.4486 

+9.6349 
—9.6439 
-9.3536 
—9.2021 
-8.9115 

i.oo4a 
0.9951 
0.9909 
0.9902 

0.9885 

9-9365 
9.9395 
9.9408 
9.9411 
9.9416 

971 

97a 
973 

975 

8.6624 
8.9331 
8.5oi6 
8.5oi6 
8.6832 

8.9188 
9.1981 
8.7690 
8.7735 
8.9605 

0.2759 
9.1222 
0.4967 
o.5xoo 
o.65o2 

-8.5i44 
— 8.9009 
+7.2622 
+7.6434 
+8.566X 

—9.9672 
—9.4880 

+9.5966 

+9.5374 
+9.6467 
—8.4376 
—8.8x53 
— 9.5522 

0.9877 
0.9811 
0.979a 
0.9757 
0.97x5 

9.9419 
9.9436 
9.9444 
9.9454 
9.9466 

976 

977 
978 

979 
980 

8.4881 
9.1884 
8.5242 

8.4717 
8.7734 

8.7735 

9.4747 
8.8174 
8.7763 
9.0792 

0.4997 
0.9511 
o.56o2 
o.483i 
+9.9927 

+7.3653 

tVMU 

-6.8555 
— 8.7115 

—9.5632 
+9.8945 
— 8.1072 
—9.6585 
-9.9972 

—8.5402 
-9.6535 
-9.2864 
+8.o3i4 
+9.5848 

0.9652 
0.9644 
0.9590 
0.9499 
0.9489 

9.9483 
9.9485 
9.9500 
9-9522 
9.9525 

981 

982 
983 
984 
985 

9.093a 
8.63a3 
8.4941 
8.4o45 
8.5328 

9.4009 
8.o4o4 
8.8026 
8.8o3i 
8.8459 

— o.263o 

+o.255o 

0.4225 

0.5440 

0.3694 

—9.0806 
-8.4941 
—8.0178 
+8.02x8 
-8.8477 

-9.9888 
—9.0780 
— 9.85o5 
—9.0265 
-9.9229 

+9.6326 
+9.5066 
+9.1682 
-9.X7X8 
+9.3558 

0.9474 
0.9470 
0.9468 
0.9467 
0.943X 

•9.9529 
9.9530 
9.9530 
9.9530 
9.9539 

986 
987 
988 
989 
990 

8.4997 
8.5458 
8.544a 
8.47B6 
8.4698 

8.8144 
8.86o5 
8.8601 
8.8018 
8.7937 

0.5543 
o.353o 
0.3535 
0.5398 
0.44x0 

+8.0933 
-8.2945 
—8.2924 
+7.9712 
—7.8649 

-8.6646 
—9.9368 
-9.9364 
-9.1x96 
—9 .  8094 

— 9.233x 
+9.3884 
+9.3867 
— 9.1252 
+9.0272 

0.9417 
o.94x3 
0.9408 
0.9349 
0.9343 

9.9542 
9.9543 
9.9544 
9.9558 
9.9559 

991 
99a 
993 

994 
995 

8.4548 
8.4554 
8.55i5 

8.4957 
8.6926 

8.7843 
8.785a 
8.8838 
8.8a8i 
9.0296 

o.5o85 
o.5io8 
0.3289 
o.564o 
o.ii4o 

+7.5557 
+7.6006 
-8.3383 
+8.X390 
—8.6088 

—9 .  5ooo 
—9.48x7 
-9.9533 
+7.9590 
—9.9976 

-8.7884 
—8.7724 
+9.4125 
—9.2684 
+9.5375 

0.9297 
0.9294 
0.9279 
0.9273 
0.9235 

9.9570 
9.9570 
9.9573 
9.9575 
9.9583 

996 

999 
xooo 

8.5267 
9.0966 
9.061 X 

8.7681 
—8.4571 

8.8659 
9.4370 
9.4oaa 
9.109a 
— 8.8oia 

0.5913 
+0.9253 
— 0.2658 
+9.9012 
+0.5348 

+8.8784 
+9.0857 
— ;9.o482 

-8.7134 
+7.9048 

+9.1906 
+9.8981 
-9.9945 
— o.oo3o 
—9.2074 

-9.3711 
—9.6075 
+9.6o5o 
+9.5632 
—9.0631 

0.92x6 
0.9207 
0.920X 
0.98OX 
+0.9176 

9.9587 
9.9589 
9.9590 
9.9590 
—9.9595 
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Table  XXX. 


Catalogue 

OF    1000 

Stars 

1. 

No. 

B.A.C. 

CoDBtellatiOD. 

Mi«. 

Right  Ascensloa, 
Jan.  1, 18S0. 

ABhaal 
Varlatioa. 

North  Pater  Dtau, 
J«B.  1,  1890. 

VariatLiHL 

ZOOI 
I003 

ioo3 
ioo4 
ioo5 

55x9 
5520 
5523 
5525 
553a 

9  Opbiuchi, 
10  Ophiuchi, 
3o  Herculis, 
a7  Hercolis, 
29  Herculis, 

0 

f 

h 

5 

4 

5 

ai 

4i 

ft.    m.       «. 

16  a3  i5.io» 
a3  ai.i6* 
a3  43. o5* 
a3  46.43 
a5  35.41 

+3.546 
3.037 

s.806 

0        '         -» 
III     8  35.8* 
87  4i     0.7* 
47  47     7-5* 
68  10  45.9- 
78  XI     6.6 

+    «.I4 
8.87 
8.09 
8.17 
8.08 

1006 
1007 
1008 
1009 

ZOIO 

5536 
5538 
5539 
5545 
5547 

Trian^.  Aust., 

Scorpii, 
a  3  Scorpii, 
1 5  Draconis, 
t2  Ophiuchi, 

T 

A 

5 

5 

3i 

4i 

5 

86    3.79 
a6  3o.8i 
86  33.i3« 
a8  18.10* 
88  38.89 

6.X65 

3.933 

+3.725 

— o.i48 

+3.144 

i57  59  a6.4 
134  56  39.5 
117  53  58. ©• 
30  54  86.9* 
91  59  59.1 

8.s5 
8.0s 
7-94 
7-791 

8.18, 

1 

lOXI 
I0I2 

zoi3 
ioi4 
xoi5 

5548 
5552 
5554 
5578 
5579 

1 3  Ophiuchi, 
35  HerculiB, 

Arae, 

Triang.  Aust., 

Ophiuchi, 

a 

a 

3i 

4 

4 

a 
5 

88  54.2i» 
39  16. lO* 
39  41.91 
3a  5o.z3 
33  54. 17* 

3.299 
X.932 
5.263 
6.263 
3.46X 

100  i5  3i.3* 
47  i5     3.I* 
x5o  37  16.4 
x58  44  34.6 
107  36  48. 7* 

7.73 
7.69 
7.70 
7.53 
7.41 

IOI6 
IOI7 
1018 
1019 
loao 

5596 
56o4 
5609 
56x7 
5621 

4a  Herculis, 
4o  Herculis, 

Arc, 
44  HerculiB, 
43  Herculis, 

V 
V 
t 

5 

3 

4i 

3 

5 

34  40.64* 

35  37. 99* 

36  51.64 

37  45.3o» 

38  38.05 

1.62a 

3.365 

5.135 
3.o54 
8.876 

4o  46  34. o* 
58     7  30. 4* 
i48  45  5S.8 
5o  47  83  . 3» 
81     8  33.9 

7.31 
6.79 
7.13 
7. II 
6.93 

1021 

I02S 

xoa3 
Z024 
xoa5 

5628 
5632 
5637 
5638 
564o 

x8  Draconis, 
26  Scorpii, 
20  Ophiuchi, 
Scorpii, 
Scorpii, 

8 
e 

/** 

5 
3 
5 
3 
4 

39  53.4a* 

40  37. 43* 

41  33.39* 
4x  43. x5 
48  11.07 

0.393 
3.875 
3.3x3 
4.04^ 
4.044 

35     7  34.5* 
134    0  58. ©• 
100  3o  46.6* 
187  47     4.1 
137  45   83. 0 

6.93 

7. 18 
6.81 

6.85 

6.79 

1026 
1027 
1028 
1029 
xo3o 

5643 
5648 
565  X 
566i 
5666 

Draconis, 
47  Herculis, 
Scorpii, 
Scorpii, 
5o  Herculis, 

k 

5 

5 

4i 

3 

5 

43  36.93 
43    3.45 

43  35.40 

44  3.33 
44  47.81 

Z.I35 

3.909 

4.803 

4.1Q7 
8.338 

33  56  57.5 

83  89  19.7 

i33     6  s4.S 

i33     5  56.3 

59  56     4.4 

6.66 
6.59 

6.78 
6.90 
6.46 

xo3i 
io32 
xo33 
io34 
io35 

5667 
5683 
5688 
5692 
5693 

53  Herculis, 

Arae, 
a3  Ophiuchi, 
a5  Ophiuchi, 
53  Herculis, 

5 

3i 

5 

4 

5 

44  5o.79* 
46  13.56 
46  34.93 

46  54. 8i* 

47  16.85* 

1.745 
4.935 
3.3o3 
3.836 
a.  369 

43  45    lO.-I* 
145  44  45. a 
95  54  14.5 
70  35     I. a* 
58    3  49. z* 

6.53 
6.4i 
6.4i 
6.33 
6.86 

io36 
1 037 
io38 
1039 
io4o 

5713 
5731 
5735 

Ar«, 
27  Ophiuchi, 

Arae, 
58  Herculis, 

Scorpii, 

K 

e 

4 
4 
5 
3 
5 

47  38. 81 
5o  34.31* 
5x  10.97 
54  33.10* 
54  57.65* 

4.75a 
8.838 

4.765 
3.394 
3.926 

i43  55  83.3 
80  33  i5.8« 

143    0  14-9 
58  5o  58. B* 

133  54  83. o* 

6.88 
5.96 

1:11 
5.67 

io4i 
1042 
1043 
io44 
1045 

5740 

1$ 

19  Draconis, 

59  Herculis, 

60  Herculis, 
Scorpii, 

aa  Urstt  Minoris, 

d 

n 

5 

5 

5 

H 

4 

55  i3.74» 

56  4.07* 
58  35.43 

17     I  34.63 
1  31.35* 

o.3o3 

3. 311 

3.781 
+4.271 

—6.533 

34  38     8.6* 
56  13  4i*t^ 
77    3  55.6 
i33    3     4.8 
7  43  87.9^ 

5.58 

5.49 
5.3^ 
5.40 
5.06 

xo46 

1047 
io48 

5781 
5785 
5788 

58o2 
58o8 

35  Ophiuchi, 
21  Draconis, 

Herculis, 
37  Ophiuchi, 

36  Ophiuchi, 

n 
A» 

9^ 

4 

5 

5 

4* 

I  46.73* 
8  13.66* 
3  43.98 
5  33.65 
17    6     7.65* 

+3.435 
1.336 

3.133 

3.825 
+3.683 

io5  33     8.3* 
35  19  5o.7* 
53  53    0.0 
79  i3  43. s 

X16  83  37  .^3^ 
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Oatalogub   op  ISOO  Stars. 


No. 

Loguttlmisor 

Lofvithms  of                              | 

a 

h 

e 

d 

Of 

b' 

.  _<_.„ 

d' 

lOOI 

loot 
ioo3 
ioo4 
looS 

—8.4667 
8.4363 
8.5648 
8.4665 
8.4357 

-8.8i43 
8.7845 
8.9148 
8.8167 
8.7953 

+0.5493 
0.4803 
0.2929 
o;4ii9 
0.4494 

+8.0237 
— 7.0439 
—8.3921 
—8.0367 
—7-7469 

-8.8797 
—9.6736 
-9.0708 
—9.8706 
—9.7870 

—0.1696 
+8.3187 
+9.4378 
+9.i8o5 
+8.9137 

+0.9147 
0.9143 
0.9127 
0.9125 
0.9047 

—9.9601 
9 . 960a 
9.9605 
9.9605 
9.9631 

looe 

1007 
1008 
1009 

lOIO 

8.85o6 
8.5087 

8.4759 
8.8619 

a.4i39 

9.aia6 
8.8731 
8.84o4 

8!7886 

0.7856 

0.5942 

+0.5706 

— 9.1841 

+0.4933 

+8.8177 
+8.2667 
+8.1460 
-8.8324 
+6.7567 

+9-8374 
+9.23oi7 
+8.6637 
—0.0066 
—9.6037 

—9 .  5676 
—9.3564 
-9.2684 
+9.5610 
—8.1335 

0^9026 
0 » 9007 
0.9005 
0.8928 
0^8919 

9 . 9635 
9.9628 
9.9629 
9.9643 
9.9644 

lOIl' 
1012^ 

ioi3 
ioi4 
toi5 

8.4187 

8.544a 
8.7174 
8.834a 
8.4r37 

8.7957 
8.9331 
9.0986 
9.33a4 
8.8133 

0.5177 
0.2856 
0.7213 
o;7967 
0.5392 

+7^6694 
-8.3759 
+8.6576 
+8;8o36 
+7.8905 

—9.4196 
—9.9754 
+9.7721 
+9.8501 
—9.1323 

—8.8385 

+9.4179 
-9.5a44 
—9.5390 
—9.048a 

0.8900 
0.8884 
0.8864 
0.8718 
0.8715 

9.9648 
9.9650 
9.9654 
9.9678 
9.9679 

1016 
1017 
1018 
1019 
loao 

»,5697 
8.45|o 
8.6562 
8>.48o3 

8.9781 
8.8648 
9.0799 
8.9061 
8.8018 

0.2Il3 

0.3607 
0.7103 
o.3ii6 
0.4587 

-8.4490 
—8.1738 
+8.5912 
— 8.2811 
-7.5578 

-9.9951 
— 9.9351 

+9.7592 

+9.4401 
+9.3789 
-9.4830 
+0.3464 
+8.7887 

0.8630 
0.8584 
0.8523 
0.8478 
0.8433 

9.969a 
9.9699 
9.9708 
9.9714 
9.9730 

roai 
loaa 
zoa3 
roa4 

1025 

8.7365 
a.4371 
8.357a 
8.45II 
8.4485 

9.1688 
8.8787 
8.8o53 
8.9003 
8. 9004 

9.5935 
0.5932 
0.5191 
0.6072 
0.6071 

—8.6874 
+8.1848 
+7.6184 
+8.2384 
+8.2354 

— 0.0149 
+9.2212 
—9.4062 
+9.3698 
+9.3698 

+9.4915 
-9.8794 
-8.7871 
—9.312a 
—9.3095 

0.8368 
0.8339 
0.8282 
0.8272 
0.8247 

9.9729 
9.9733 
9.9740 
9.9743 
9.9745 

toa5 
1027 
load 
1029 
io3o 

8.6095 
8.3455 
8.46o4 
8.4659 
8.S949 

9.0631 
8.8027 
8.9289 
8.9292 
8.8629 

o.o5io 
0.4630 
0.6245 
0.6246 
0.3688 

-8.5333 
—7.4619 
+8.2958 
+8.2923 
—8.0947 

—0.0118 
—9.7432 
+9.4933 
+9.4940 
-9-9294 

+5.4449 
+8.6342 
—9.3422 
-9.3388 
+9.3081 

o.8a33 
0.8201 
0.8180 
0.8147 
o.8io5 

9.9747 
9.9750 
9.9753 
9.9757 
9.9763 

io3i 
io3a 
io33 
io34 
io35 

8.4931 
8.5737 
8.3a44 
8.3a74 
8.3894 

8.9603 
9.0506 
8.8o36 
8.8087 
8.8730 

0.2427 
0.6931 
o.5o54 
0.4529 
0.3576 

— 8.35o8 
+8.4910 
+7.3367 
—7.5846 
— 8.ii3i 

-9.9930 
+9.7322 
—9.5239 
—9.7771 
—9.9400 

+9.3667 
—9.4175 
— 8.5io4 
+8.7535 
+9.3178 

0.8102 
0.8024 
0.8004 
0.7985 
0.7964 

9.9763 
9.9771 
9.9773 
9.9775 
9.9778 

io36 
1037 
io38 
1039 
io4o 

8.5357 
8.3o47 
8.5i55 
8.34i3 
8.35ao 

9.6217 
8.S098 
9.0246 
8.8736 
8.8871 

0 . 6769 
0.4555 
0.6781 
o.36o8 
0.5948 

+8.4376 
—7.5274 
+8.4178 
-8.o55r 
+8.0985 

+9.6962 
^9.7689 
+9.7005 
—9.9384 
+9.2438 

—9.3940 
+8.6974 
—9.3733 
+9.1635 
-9.1937 

6.7943 
0.7769 
0.773a 
0.7540 
0.7494 

9.9780 
9.9798 
9.9801 
9.9881 
9.9823 

ro4x 
io4d 
io43 
1044 
1045 

8.6495 
8.3441 
8.3591 
8.3630 
9.0976 

9.1863 
8.8871 
8.8192 
6.9457 
9.6812 

9.4330 

0.3445 

0.443I 

+0.6313 

-^0.8107 

-8.6080 
—8.0893 
—7.6096 
+8.1970 
-9.0937 

—0.0228 
—9.9520 
—9.8055 
+9.5354 
—0.0074 

+9.4041 
+9.i85i 
+8.7745 
— 9.2370 
+9.3982 

0.7478 
0.7421 
0.726a 
o.7o5i 
0.7044 

9.9824 
9.9829 
9.9841 
9.9857 
9.9857 

xo46 
ro47 
io48 
1049 
io5o 

8.3463 
8.4587 
8.310O 
8.3046 
-8.8388 

8.8a5o 
9.0478 
8.9030 
8.8192 
-8.8595 

+0.5353 
0.0949 
0.3273 
o.45o8 

+0.5700 

+7.6681 
—8 .  3703 
—8.0806 
—7.4762 
+7.8864 

—9.2011 
— 0.0175 

-9-9647 
-9.7838 

+8.6365 

—8.8280 
+9.3o85 
+9.1639 
+8.6445 
—9.0148 

0.7024 
0.6991 
0.6955 
0.6752 
+0.6694 

9.9858 
9.9861 
9.9863 
9.9876 
-9.9879 
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Table  XZX. 


Catalooub  of  1500  Stars. 


No.    fi.A.C. 

CoasteUatioD. 

Maf. 

Right  Ascension, 
Jan.  1, 18S0. 

Animal 
Variation. 

North  Polar  Diat., 
Jan.  1. 1850. 

Anainl 

▼artetfoB. 

io5x 
io52 
io53 
io54 
io55 

58io 
5821 
5823 
5828 
583o 

64  HSrcdis, 
22  Draconis, 

65  Herculis, 
4 1  Ophiuehi, 

a 
d 

4 

3* 

3 

4 

4* 

A     m.       «. 
17     6  23.89 

7  48. 53* 

8  31. 93* 
8  53.39 
8  55.17 

+6.358 
a.  734 
0.159 
a. 459 
3.08a 

i57  36  19.4 
75  86    4.9* 
34    6     1.6* 
64  58  49.8 
90  16  16.5 

+  4.69 
4.48 
4.47 
4.59 

4.49 

io56 
1067 
io58 
1069 
1060 

5834 
584a 
.5844 
5845 
5847 

67  Herculis, 

68  Herculis, 
4o  Ophiuehi, 
53  Serpentifl, 

69  Herculis, 

u 

V 

e 

3i 

4 

4* 
4i 
4* 

9  49*5i 
II  47.34 
13     i.o4* 
X3  33. 58* 
la  3o.o3 

3.088 

3.3X3 
3.593 
3.37X 
3.067 

53     I     5.5 

56  44     5.x 

xio  56  47.9* 

X03   4i    83.4* 
53   38   53.x 

4-33 

4.17 
4.36 
4. II 

4.02 

io6z 
1062 
io63 
io64 
io65 

585o 
585 1 
5852 
5859 
5876 

Ane, 
42  Ophiuehi, 

Arae, 

Are, 
44  Ophiuehi, 

7 

e 

0 

b 

3 

3i 

3 

5 

5 

13  46.98 
13  48.07* 
X3  50.58 
x4  18. z4 

17   13. 69* 

5.037 
3.680 
4.966 

4.6x4 
3.660 

i46  i3  43.8 
xi4  5o  39.0* 
x45  33  5o.8 
i4o  29  35.9 
1x4     I  54.4* 

4.10 

4.i5 

4.19 
4.04 
3.80 

1066 
1067 
1068 
1069 
1070 

5877 
58bi 
5886 
5893 
5899 

Arae, 
45  Ophiuehi, 
75  Herculis, 
49  Ophiuehi, 

Ar«, 

6 
d 
9 

a 

4 

4 

4 

4^ 

3 

17  34.51 

17  46.77 

18  30.68 

19  4.47* 
80  x5.43 

5.390 
3.819 
3.073 

4.635 

i5o  33     0.3 

XX9  43  33.9 

58  43  45.7 

85  43  3o.3* 

139  45     0.5 

3.80 
3,87 
3.59 
3.54 
3.56 

1071 
X072 
1073 
1074 
1075 

590  X 

5922 
5935 

34  Scorpii, 

5 1  Ophiuehi, 

35  Scorpii, 
76  Herculifi, 

Scorpii, 

V 

X 
X 

e 

3* 

5 

3 

4i 

3 

30  34. 3i 

22  16.01* 

23  25.90 
34  4o.6x* 

36  33.80 

4.07X 
3.660 
4.073 
3.4ai 
4.3oi 

137  10     5.6* 
1x3  5o  88.3* 
X36  59   x6.i* 
63  46  33.0* 
x33  53  45.6 

3,5i 
3.3i 
3.14 
3.01 
3.06 

1076 
1077 
1078 
1079 
1080 

5937 
5941 

5950 
5951 

23  Draconis, 
55  Ophiuehi, 
55  Serpentis, 

24  Draconis, 
a5  Draconis, 

a 

a* 

2 
5 
5 
5 

37  3. 73* 

27  58.35* 

38  59.96* 

39  13.33* 
39  18.79* 

X.353 

3.781 
3.433 
I.X79 
1. 179 

37  35     8.8* 
77  19  36. 0* 
io5  17  56.x* 
34  4a  4i.i* 
34  43  33.7* 

S.86 
3.98 
8.76 
3.66 
8.67 

1081 
1082 
io83 
io84 
io85 

5953 

5970 
5972 

57  Ophiuehi, 
Octantis, 
Pavonis, 
Scorpii, 

27  Draconis, 

a 

n 

K 

f 

5 

6 

4i 

3 

5 

39  41.67 
3o    4.09 
3i     X.53 
33     7.07 
33  34.31* 

3.359 
X 07.504 

5.863 
+4.I46 
—0.356 

98     I   18.9 
X79   x6  81. 9 
x54  38  4o.o 
xa8  56  47.4 

31  46  XI. 5* 

8.63 

3. 61 

8.5x 
3.a8 

1086 
1087 
1088 
1089 
1090 

5976 
5987 
5990 
5996 
6004 

56  Serpentis, 
58  Ophiuehi, 
85  Herculis, 
69  Ophiuehi, 
Scorpii, 

0 

i 

? 

4* 

5 

4 

3 

3i 

33  59. X7* 

34  26.58* 

35  i4.li* 

36  3.68* 

37  6.o5 

+3.369 
3.594 
1.7x3 
a.  964 

+4.aoo 

X08  4?  a4.5* 

XXI  36  16,5* 

43  54  4i.a* 

85  81  56.7* 

i3o     3  47.3 

S.38 

8.X6 
8.l5 

1.92 
3.14 

1 091 
1092 
1093 
1094 
1095 

6006 
6008 
6018 
6020 
6021 

28  Draconis, 

3  Sagittarii, 

Scorpii, 

62  Ophiuehi, 

86  Herculis, 

y 
f* 

4 
5 

4 
4 
4 

37  5o.o3* 

38  7. II* 

39  39.00 

40  32.23* 

4o  35.46 

— 0.368 

+3.767 

4.083 

3.004 

+a.344 

81    10  83.7* 

1x7  46     4.8* 

xa6  59  39.2* 

87  i3  55.3* 

63  II   16.4 

1.66 

1.9X 
1.85 
x-79 

3.48 

1096 
1097 
1098 
1399 
1 100 

6047 
6074 
6077 
6078 
6079 

3 1  Draconis, 
Sagittarii, 

4  Sagittarii, 
64  Ophiuehi, 

32  Draconis, 

4i 

5 

5 

4 

3i 

44  36.63 

49  27.32* 

50  38.09* 
5o  46.22* 

X7  5o  56.33* 

— X.096 

+3. 85a 

3.661 

3.3o4 

+  I.036 

X7  46  45.9* 

X30  x3  55.4* 

ii3  47  48.3* 

9945     1.7* 

33    6     8.0* 

1.60 
1. 00 
0.83 
0.91 
+  0.73 
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1500  Stars. 

No. 

LogHrichnMor                             1 

a 

b 

e 

d 

d' 

y 

c' 

d' 

io5i 

I052 

io53 
io54 
io55 

—8.6082 
8.1917 
8.5620 
8.2Z16 
8.1684 

—9.2310 
8.8267 
9.2018 
8.8558 
8.8i3o 

+0.7943 
0.4365 
9.1967 
0.3913 
0.4881 

+8.5741 
—7.5923 
—8.5224 

+9.8658 
-9.8228 
—0.0282 
—9.9061 
—9.6329 

—9.3311 
+8.7542 
+9.3095 
+8.9711 
-7.0199 

+0.6674 
0.6559 
o.65i3 
0.6471 
0.6467 

—9.9880 

9.9886 
9.9889 
9.9891 
9.9891 

io56 
1067 
io58 
1069 
1060 

8.2583 
8.2214 
8.1713 
8.1490 
8.2376 

8. Olio 
8.8920 
8.8440 
8.8852 
8.9148 

0.3197 
0.3450 
0.5528 
0.5270 
o.3i56 

—8.0376 
—7.9606 

+7. 7*46 
+7.4908 
—8.02x5 

-9.9703 
-0.9539 
-8.7451 
-9.3191 
-9.9729 

+9.1161 
+9.0590 
—8.8710 

—8.6561 
+9.0974 

0.639X 
0.6220 
0.6199 
0.6x66 
o.6i56 

9.9895 
9.9903 
9.9904 
9.9906 
9.9906 

1061 
1068 
io63 
io64 
io65 

8.3898 
8.1768 
8.3798 
8.3171 
8.i3i9 

0.0697 
8.8568 
9.0602 
9.01x6 
8.8557 

0.70x4 
0.5655 
0.6960 
0.6684 
0.563I 

+8.3095 
+7.8002 
+8.295X 
+6.2045 
+7.74x7 

+0.7578 
+8.2430 
+9.7475 
+9.6813 
+7.5798 

—9.2306 
—8.9341 
—9.2257 
—0.1842 
—8.8784 

o.6x3x 
0.6x29 
0.6x25 
0.5991 
0.5708 

9.9907 
9.9907 
9.9907 
9.9913 
9.99*4 

1066 
1067 
1068 
1069 
1070 

8.3972 
8.I48I 
8.1786 
8.0746 
8.25o5 

9.1248 
8.8778 
8.9x61 
6.8x82 
9.0070 

0.7322 

0.5822 

o.3i58 
0.473X 
0.6652 

+8.3371 
+7.8434 
-7.9609 
—6.9470 
+8. 1 33a 

+9.8079 
+9.0438 
-9.9737 
—9.7043 
+9.6734 

-9.2049 
-8.9588 
+9.0377 
+8.1219 
-9.1196 

0.5672 
0.565X 
0.5576 
0.55x7 
0.5391 

9.9925 

9.9926 

9.9928 
9.9930 
9.9934 

1071 
107a 
1073 
1074 
1075 

8.i56o 
8.0772 
8.1226 
8.0573 

8.1218 

8.9161 

8.8567 
8.9159 
8.8659 
8.9544 

0.6095 
0.5627 
0.609X 
0.3838 
0.6334 

+7.9372 
+7.6838 
+7.9019 
—7.7026 
+7.9547 

t?:S?3 
+9.3934 
—9.0170 
+9.5508 

— 0.O147 
—8.8211 
—8.9804 
+8.83i5 
—8.9957 

0.5357 
o.5i68 
o.5o33 
0.4884 
0.4649 

9.9935 
9.9941 
9.9945 
9.9948 
9.9954 

1076 
1077 
1078 
1079 
1080 

8.X948 
7.9785 

8.X952 
8.1938 

9.0341 
8.83o4 
8.8356 
9.0645 
9.0644 

o.i3o8 

0.4429 
0.5357 
0.0637 
o.o64o 

—8.0938 
-7.3198 
+7.3908 
—8.1100 
—8.1086 

— 0.0208 
—9.8067 
—9.1965 
—0.0260 
— 0.0260 

+9 .0552 
+8.4852 
-8.5518 
+9.04x6 
+9.o4o3 

0.4584 
o.446x 
0.432X 
0.4289 
0.4277 

9.9955 
9.9958 
9.9960 
9.9961 
9.9961 

1081 
1082 
io83 
io84 
io85 

7.9483 
9.8351 
8.2929 
8.0172 
8.33i6 

8.8244 
0.7167 
0.1888 
8.9299 
9.25x6 

0.5x29 

2.o3x4 

0.7686 

+0.6173 

—9.4036 

+7.0930 
+9.8351 
+8.2489 
+7.8155 
—8.2995 

-9.4645 

+9.4571 
— o.o346 

—8.2648 

-9.1147 
—9.0567 
—8.8824 
+9.0448 

0.4223 
0.4169 
0.4029 
0.3863 
0.3792 

9.9962 
9.9963 
9.9965 
9.9968 
9.9969 

1086 
1087 
1088 
1089 
1090 

7.9052 
7.9019 
8.0I56 
7.8434 
7.9390 

8.83x8 
8.8528 
6.9803 
8.8230 
8.9379 

+0.5279 
0.5559 
0.2279 
0.4717 

+0.6222 

+7.a5o3 
+7.4680 

+7.7476 

-9.3084 
-8.5752 
— 0.0074 
— 9.7100 
+9.4890 

-8.4i55 
—8.6125 
+8.8903 
+7.9*54 
—8.8076 

0.3726 
0.3486 
0.3350 
o.32o3 
0.30XI 

9.9970 
9.9973 

9.9975 
9.9976 
9.9978 

1091 
109a 
1093 
1094 
1095 

8.25io 
7.8562 

7.7566 
7.8045 

9.2641 
8.875X 
8.9x98 
8.8226 
8.8757 

-9.5623 

+0.5765 

0.6x00 

0.4780 

+0.3743 

— 8.aao6 
+7.5a45 
+7.6487 
— 6.44o5 
-7.4734 

— 0.0354 
+8.9020 
+9.4026 
—9.6827 
—9.9288 

+8.9545 
—8.6475 
-8.7272 
+7.6161 
+8.5962 

0.2870 
0.2814 
o.25oo 

0.2344 
0.8895 

9.9980 
9.9980 

9.9983 
9.9984 
9.9984 

1096 
1097 
1098 
1099 

XIOO 

8.1659 
7.5500 

7.4737 

7.4351 

—7.6836 

9.3381 
8.8869 
8.8621 
8.8290 
—9.0863 

—0.0373 

+0.5853 

0.5634 

o.5i85 

+0.0092 

—8.1446 
+7.2520 
+7.0795 
+6.6639 
-7.6066 

—0.0345 
+9.1076 
+7.7782 
— 9.4185 
— o.o3io 

+8.8o55 
—8.3646 
—8.8x70 
—7.8337 
+8.5aoo 

0.1290 

9.9649 

9.9x34 

9.907X 

+9.8992 

9.9990 

9.9995 

9.9996 

9.9997 

-9.9997  _ 
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or    ISOa  STABt. 

Ifo. 

B.A.C. 

OMrfUM. 

Mai. 

^Lm8Ml 

y^SSL 

RstkPaltfDiiL, 
Jaa.  1.  laSA 

▼utac^ 

A    «.         «. 

M, 

•          *             m^ 

" 

XIOI 

608a 

91  Hereolb, 

9 

4 

17  5i     6.67 

+  9.055 

59  43  35.4* 

+0.73 

iioa 

6084 

93  Herenlia, 
57  Seipntia, 

% 

4 

5i  56.a4 

9.339 

60  43  56.6 

0.73 

xio3 

6o85 

C 

5 

5a  33.77 

3.169 

93  4o  3x.o 
59  47  49.3* 
85  37    4.1 

0.68 

iio4 

6087 

94  HercuUi, 

V 

5 

59  45.83* 

9.996 

0.63 

iio5 

6089 

66  Ophinehi, 

5 

59  5o.o^ 

9.971 

0.6s 

ito6 

6091 

33  Dtaeoua, 

r 

a 

53    7.45* 

1.394 

38  99  «9.4* 

0.63 

1 107 

6093 

67  Ophinelii, 
93  H^rcdis, 

4 

53    8.35 

3.0x0 

87    3  a4.5 

0.63 

1108 

6094 

5 

53  93.69* 

9.667 

73   l4   19. 0* 

o.5x 

1 109 

6100 

FkTooia, 

« 

5 

54    7.«o 

5.715 

i53  39  53.3 

0.57 

IIIO 

6io4 

69  Ophioehi, 

r 

5 

54  55.01 

3.969 

98  xo  97.9 

0.43 

iiii 

6io5 

A», 

9 

4 

5457.59 

4.678 

i4o    5  4i.9 

0.59 

Ilia 

6107 

Sagittoiii, 

/ 

4 

55  96.54 

3.84o 

119  34  53.0 

0.48 

iii3 

6110 

96  Heradky 

5 

56.58.44 

+  9.564 

69    9  44.0 

o.3o 

iii4 

6ii4 

35  Dnumia, 

5 

56  io.3o* 

-^  9.703 

i3     I   16. a* 

0.08 

iii5 

6ii5 

10  iSagittarii, 

y* 

4 

56  10. 68* 

+  3.858 

I90  95    13.5* 

0.57 

iti6 

6133 

70  Ophiaefai, 

4i 

57  59. 35* 

3.098 

87  97  38.7* 

x.98 

1117 

6136 

FkTooia, 

I 

Ak 

58  90.86 

5.539 
3.795 

i5i  33  34.9 

o.x5 

1118 

6137 

Sagittarii, 

5 

58  34.07 

59  13.89* 

118  38    3.9 

o.s3 

1119 

6139 

flerenlia. 

5 

. 1.569 

4x  3a  95  ..7* 

0.07 

iiao 

6i4o 

TeleaeoiMi, 

« 

4i 

18    0    5.90 

.4.456 

13558  94.7 

+0.04 

iiai 

6143 

73  Oj^nehi, 

4 

:.    0  r4.4i* 

.9.844 

80  97  x3.a* 

O-IO 

iiaa 

6i48 

PaTOQia, 

5 

I  93. 3i 

5.639 

x53    5    6.9 

O.II 

iia3 

6i5o 

io3  Hercnlis, 

• 

4 

I  41.53* 

9.34X 

61  i5  16. 8* 

V.\l 

iia4 

6i«8 

i3  Sagittain, 

^ 

3* 

4.47*57» 

.3.587 

III     5  33.8* 

iia5 

6178 

io4  JSerenUay 

▲ 

5 

6.15.65 

OS. 961 

58  37  43  ..7* 

0.63 

iia6 

6186 

SagittaiiS, 

? 

4 

7.98.60 

+  4.d56 

196  48    8.9* 

0.49 

nay 

6ao6 

4o  Draoonii, 

5 

II  i5.4o 

-  4.459 

10     x  33.4 

1.04 

1 138 

6308 

4i  Draconia, 

5 

II  91.57 

-  4.466 

10     I  91.7 

i.o5 

1139 

6309 

19  Sagittazii, 

s 

H 

II  93.43* 

+  3.843 

119  53  10.6* 

0.94 

ix3o 

6az8 

.Lyne, 

5 

19   91.41* 

1. 915 

49     7  "-7* 

i.S 

if3i 

6333 

io5  Hercnlia, 

5 

|3    0.36* 

8.471 

65  36  45.7* 

i.i4 

ix3a 

6334 

36  Draoonia, 

5 

i3     1.90* 

0.345 

95    39    II..X* 

x.r4 

ii33 

6339 

58  SerpeDtia, 

n 

4 

i3  33.14* 

3.108 

99  56     0.3* 

0.54 

ii34 

6333 

30  Sagittaiii, 

< 

3 

i4  19.94* 

3.987 

ia4  37     i*o* 

1 .16 

ii35 

6a35 

I  Lym, 

s 

4i 

t    i4  36.38* 

a.io3 

54    0    o.a* 

i.3i 

ii36 

6340 

Teleaeopii, 

a 

4 

15.60.99 

4.45i 

i36     8  49.3 

i.i5 

1137 

6a5o 

Teleacopii, 

C 

Ak 

17  i5.oi 

4.597 

139    8  49.5 

1.07 

Ii38 

6353 

PaTonia, 

9 

5 

17  91.98 
17  49 .So* 

5.644 

i59  31  55.6 

1.35 

1139 

6355 

Diaconia, 

5 

1.535 

4o  57    7.5* 

X.55 

ix4o 

6363 

33  Sagittani, 

X 

4 

'    18  49.75* 

3.707 

xi5  39  56 .,7* 

i.4x 

ii4i 

6378 

Teleacopii, 

^ 

5 

90  38.47 

4.445 

i36    0  34.3 

i.e4 

1 143 

6379 

Sagittarii, 

5 

90  38  96* 
ao  43.54* 

+  3.419 

io4  39  s3.9* 

1.70 
X.83 

ii43 

6381 

a3  Ur8«BCmari% 

6 

3 

-*I9.993 

3  34  lo.o* 

ii44 

6383 

Teleaoopii, 

^ 

5 

90  56»i9 
9J  49.93* 

+  4.438 

i35  5i  i3.5 

1.73 

u45 

6389 

39  Dzacooia, 

h 

5 

+  0.876 

3x  17     5,6* 

1.94 

u46 

6396 

Conms  Aoat. 

,« 

5 

99  47*97 

+  4.30I 

l33    34    59.9 

1.86 

114? 

6397 

43  Draconia, 

^ 

5 

99  54.95 

-.  0.848 

18  44  36.9 

a. OX 

ii48 

63o3 

44  Dracoma, 

X 

4* 

93  45.53 

—  1.073 

17  19  59.1 

1.73 

"49 

63i5 

Payonia, 

C 

4 

95  39.99 

+  7.<45 

161  38  44.6 

9,07 

ii5o 

635o 

Draconia, 

5 

18  3o  33. o5 

+  I.360 

37  45  5x.o 

—9.66 
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1600  i 

3tar8. 

No. 

a 

*      ,      . 

\        d        i       a' 

V 

c' 

rf' 

XIOI 
II03 

iioS 
ixo5 

—7.6117 
7 -4394 
7.3359 
7.3864 
7.3x99 

—8.9388 
8.8830 
8.8346 
8.8871 
8.885o 

4-0.3I36 
0.3658 
0,4998 
o.36o3 
0.4735 

+6.1438 
—7.0881 

— 6«3o3x 

—9.9780 
—9.9381 

— 9.567<* 
-9^^9434 
—9.7068 

+8.3708 

+8.8364 
—7.3x80 
+8.3008 
+7.3779 

+9.8908 
9.8484 
9.8x33 
9.80x4 
9.7970 

-9.9997 

9.9997 
9.9998 
9.9998 
9.9998 

IH16 

1 108 
1x09 

IIIO 

7.5068 
7.3006 
7.3o35 
7.5860 
7.1743 

0.0396 

8.8a43 
8.84a6 
9.1768 
8.8383 

o.x43o 
0.4774 
0.436a 
0.76x3 
o.5x36 

—7.4004 

— 6.0IX3 

—6.7636 
+7*5385 
+6.3371 

— 0,0333 

—9-6855 
—9.8476 
+9*  847a 
-9-4585 

+8.3706 
+7.X867 
+7.9308 
—8.36x6 
-7.4988 

9.7798 
9.7784 
9.7630 
9.7114 
9.6488 

9.9998 
9,9998 
9.9998 
9.9999 

9.9999 

XIII 

III2 

iii3 
iii4 
iu5 

7.IIO5 

9.0166 
8.8845 
8.8533 

g.47" 
8.8883 

0.6693 

o.583x 

+0.4086 

—0.4330 

+o.586t 

+7.2438 
+6.8765 
-6.6490 

+6.'8i49 

+9.6889 
+9.0663 
—9.88x6 
— 0*  o3o3 

+9.1309 

—8 .  3371 

-7.99;o 
+7.7957 

+8.3X83 
-7.98^7 

9.6444 
9.6008 
9.5468 
9.6367 
9.5a46 

9.9999 

9^9999 
9.9999 

9.9999 
9.9999 

1116 
III7 
U18 
1119 
iiao 

6.7914 
7.0040 
6.67X0 

— 6.53II 
+5.6x69 

8.8843 
9.1461 
8.8799 
9.0033 
8.98x9 

0^4768 
0.7434 
0.5793 
O.X936 
0.6487 

-6*4379 
+6.946X 
+6.3493 
— 6.4o53 
—5-4736 

-9.6793 

+9.8378 

+4-9786 
— o.ox55 
+9.6306 

+6.6x36 
—7.8030 
-7.4693 
+7.4o3o 
+6.4917 

9.3693 

9.'x6ox 

9.0933 

+8.8810 

—7.9373 

0.0000 
o.pooo 
0.0000 
0.0000 
0.0000 

iiai 
iiaa 
iiaS 

1 184 

iiaS 

5.8480 
6.9506 
6.7499 
7-1746 
7.3a9o 

8.830O 
9.X681 
1.8810 
8.853^ 
8.8924 

0*4543 
.  0*  7563 
0.3687 
0.5546 
0.3533 

+5.0677 
—6.9008 
+6.43x9 
-T-6.7307 
+7.0455 

—9.7737 
+9.8433 

-a!654s 
—9.9498 

+9.4000 
— o.085o 
— 0.0249 

+9.0846 
-9.^919 

—6.3377 

+7.73«7 
-7.5609 

+7.8767 
-8.^6.9 

8.3303 

9.0847 

9.X7IX 

9.6337 
9.7386 

0.0000 
0.0000 
0.0000 

9.9999 
9.9998 

iia6 
Iia7 
iia8 
1189 
ii3o 

7.4339 
8.a74a 
8.8783 
7,5831 
7.677a 

8.9308 
9.5836 
9.58a7 
8.8854 
8.9447 

+0.6096 
— o.65x5 
— o.65x8 
+0.584X 
a.  3833 

— 7.8xx3 
+8.3676 
+8.3716 
—7.3796 
+7.4931 

—8.6883 
+8.3937 
-8.5477 

9.8167 

9.9933 
9.9972 
9.9984 

o.o34o 

9.9998 
9.9996 
9.9996 
9.9996 
9.9994 

ii3x 
ii3a 
ii33 
ii34 
ii35 

7.6x83 

7.94ai 
7.5960 
7.7000 
7.7801 

8.8638 
9.X868 
8.8337 
^.9068 
8.9x51 

a«39i9 
9.4643 
0.4968 
o.6oo5 
0.3335 

+7.a34i 
+7.8970 
— 6.3o5o 
-7.4536 
+7.ii893 

—9. 9071 

-:aJ366 
-9.6834 
+9.3x63 
—9,9731 

+9.6301 
+9.6734 
+9.8339 
—0.0x60 
+8.5739 

—8.3*96 
—8.7095 
+7.4805 

0.0660 
0.0668 
0.0737 
0.0946 
o.xo63 

9.9993 
9.9993 

9.999« 
9.9993 

9-9991 

ii36 
1137 
ii38 
1189 
ix4o 

7.8aao 
7.8844 
8.0367 

7.8949 
7.7799 

8.9815 
9.0070 
9.1563 
9.0061 
8.8670 

0.6488 
0.6639 
0.7495 
o»i86o 
0^5689 

-7.679a 
—7.7633 
-7.9841 
+7.7730 
—7.4139 

+8-6067 

+8.7549 
+  8.8266 
^8.7666 

+«.6466 

0.1417 
0.X784 
o.x8x3 
0.X897 
0^2x37 

9.9988 
9.9987 
9*9986 

ix4i 
xx4a 
xi43 
1x44 
xi45 

7.936a 
7. 79*4 
9.006a 
7.941X 

a. 0845 

8.9804 
8.8365 
0.0487 
8.9703 
9.1065 

0.6484 
+0.5339 
-X.3861 
+0.6476 
+9.9446 

-7.793; 
—7.1955 

+9.0054 
—7.7970 
+8.0X63 

+9.6183 
-9.3348 
—0.0086 
+9.6x63 
— o.o3i9 

+8.81x0 
+8.3673 
-8.9660 
+8.8x60 
-8.9078 

0.2662 
0.3663 
0.3680 
o.86a3 

0.3783 

9.9983 

9.998* 
9.9983 
9^998* 
9-998» 

xi46 
1 147 
xx48 
1x49 
xi5o 

7.9537 

8.3x6o 

8.3647 

8.3687 

+8. 1 60a 

8.9535 
9.3x48 
9.3475 
9.3208 
— 9.o33o 

+0.6381 
-9.9393 
—0.0757 
+0.8483 
+0.1 335 

—7.7817 
+8.3933 
+8.3445 
—8.3458 
+8.o58i 

+9.5451 
— o.o34x 
—0.0339 
+9.9060 
—0.0309 

+8.B360 
-8.97&3 

-8.9947 
+9.0233 
—9.0313 

0.3993 
o.3ox2 
0.317X 

0.3476 
—0.4266 

9.9979 
9.9978 
9.9977 
9.9973 
-9.9961 
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NO. 

B.A.C. 

CoofltallatkMi. 

Mm. 

^•fiLrrsr 

Aimml 
VartaiioiL 

Nofth  Polar  Dirt.. 
JaiL  1,  18S0. 

Variatioa. 

n5i 

6352 

PaTonifl, 

5 

A    «.        «. 

18  3o  43.39 
3i  5i.56» 

+5.937 

i55    0    9.9 

—  a. 70 

Il52 

6355 

3  Lyne, 

a 

I 

a  .032 

5i  81  10.9* 

3.o€ 

ii53 

636o 

Pavonis, 

$ 

5 

33  51.52 

5.888 

i55  i3  3i.3 

3.8c 

ii54 

636i 

2  Aquils, 

5 

34    3.69 

3.289 
3.758 

99  11  87.5 

a.97 

ii55 

6371 

27  Sagittaiii, 

^ 

4i 

36  i6.97» 

117      8    22.3* 

3.13 

ii56 

6383 

Paronia, 

X 

5 

38  19.00 

5.620 

l52    81       1.9 

3.33 

ii57 

6387 

no  Hercoiis, 

5 

39  12.47 

2.585 

69  35  36.3 

3.06 

ii58 

6390 

4LynB, 

e» 

5 

39  22.12* 

1.986 

5o    89       8.1* 

3.5o 

ii59 

6391 

5  Lyne, 

«• 

5 

39  24.46» 

1.988 

5o   38   88. !• 

3.5i 

1160 

6392 

6  Lyre, 

c 

5 

39  36.35 

a.o64 

58  32  58.4 

3.5a 

1 161 

6395 

46  Draeonis, 

c 

5 

S9  43.4i» 

1.160 

34  36  39.0* 

3.46 

1 162 

64o5 

P^Tonia, 

K 

5 

4i  28.09 

6.259 

157  84  48.9 

3.53 

ii63 

6419 

Draconis, 

5 

43  21.55 

I.330 

2.2l5 

37  10  89.9 

3.77 

ii64 

6429 

10  Lyne, 

fi 

3 

44  32.5o» 

56  48  3o.4* 

3.85 

ii65 

6434 

32  Sagittarii, 

tf» 

5 

45    6.65* 

3.627 

118  55  85-9* 

3.93 

1166 

644o 

34  Sagittaiii, 

a 

3 

45  57. 78* 

3.729 

116  88  38.8* 

3. 09 

H67 

644i 

35  Sagittarii, 

Iff" 

5 

46    2.95* 

3.632 

112  5i     9.8* 

4.08 

1 168 

6452 

Diaconis, 

5 

48  i3.o2 

1.349 
2.535 

37  i3  11. I 

4.19 

1 169 

6453 

ii3  Herculifl, 

5 

48  25.24 

67  32  29.0* 

4-87 

1170 

646o 

63  SerpeDtia, 

^ 

4i 

48  45.58* 

2.982 

85  59  14. 1* 

4.34 

1171 

646 1 

37  Sagittarii, 

e 

4 

48  46.64» 

3.583 

111  17  55. o* 

4.84 

1172 

6462 

Serpentisi 

5 

48  47.o4» 

a.  982 
0.886 

85  59  19 .7* 

4.36 

1173 

6463 

47  Dnconis, 

0 

5 

48  58.86* 

3o  47  37.8* 

4.85 

1174 

6466 

12  Lyne, 

d« 

5 

49  i5.63 

+2.099 

53  17  18.3 

4.38 

1175 

6469 

Draoonia, 

5 

49  28.82 

—1.449 

16       5    82. I 

4.43 

1176 

6475 

i3  Lyne, 

5 

5o  46.16* 

+  1.825 

46  i4  56.7* 

4.4i 

1 177 

6478 

5o  I)racoiii8, 

5 

5i  10.70 

—1.901 

14  44  49-7 

4.46 

1 178 

6487 

1 3  AqoilK, 

e 

3i 

52  48.91* 

+2.723 

75     7  53.9* 

4.48 

1179 

6489 

38  Sagittarii, 

C 

3* 

53     3.77* 

3.828 

120    5  80.3* 

4.57 

1 180 

6491 

i4  Lyne, 

r 

3 

53  ao.oi 

8.244 

57  3o  45.3 

4.65 

ii8x 

6496 

48  Dnconis, 

5 

54  12.66* 

1.018 

3a  22  67. 5* 

4.63 

1 182 

65o7 

39  Sagittarii, 

0 

4* 

55  41.43* 

+3.600 

III   57  81. o* 

4.80 

ii83 

65io 

52  DraconiB, 

V 

5 

56  i3.oi* 

— 0.708 

18  54  i5.o« 

4.98 
4.5o 

1 184 

65ii 

CoroDs  Aiiat., 

y 

5 

56  16,72 

+4.072 

I87    16    38.1 

ii85 

6521 

4o  Sagittarii, 

T 

4 

57  34.27* 

3.755 

117  53     a.7« 

4.7« 

1 186 

6523 

Corons  Aiiat., 

6 

5 

ll  %:ll 

4.184 

i3o  43  83.8 

4. 87 

1 187 

6526 

16  Aqail«, 

A 

3 

3.187 
2.755 

95     6  10.8 

4.98 

it88 

6528 

17  Aquil«, 

c 

3 

58  30.90* 

76  21   19. 9* 

5.01 

1189 

6535 

CoronsAoat., 

a 

4* 

59  15.91 

4.098 

128     7  54.4 

4.97 

1 190 

654i 

CoroneAust, 

fi 

5 

59  42.46 

4.143 

129  34  83.6 

5.0a 

1191 

6548 

4i  Sagittarii, 

w 

4* 

19     0  5o.33* 

3.575 

III   i5  84.4* 

5.27 

1 192 

6564 

20  Aqiiils, 

5 

4  32. 4o* 

3.260 

98  11     7.6* 

5.5o 

1 193 

6575 

42  Sagittarii, 

♦ 

5 

6  20.44 

3.687 

ii5  3o  33.8 

5.74 

H94 

658i 

20  Lyne, 

V 

5 

8  39.21 

2 .042 

5i     6  3a. 7 

5.07 

1195 

6583 

53  Diaoonia, 

5 

6  50.09* 

1.136 

33  83  4i.3« 

5.^ 

1196 
1 197 

6584 
6589 
6595 

43  Sagittarii, 
I  YdpeenlB, 

d 

5 
5 

8  5i.2o* 

9  46.18 

3.519 
2.581 

109    18    53.2* 

68  52  11.9 

5.98 

6-07 

1198 

a5  Aqnilae, 

€» 

5 

to  46.70 

8.818 

78  4o  i3,i 

6.16 

1199 

6599 

21  Lyne, 

6 

5 

11     9.66* 

2.080 

52     7  5o.o* 

6.i3 

ISOO 

660E 

54  Draconia, 

5 

19  II    14. 32* 

+1.079 

32  33     8.7* 

—   6.06 
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No. 

LogBritluiui  or 

Lofirithma  of                               | 

a 

b 

e 

d 

a'     1     y 

«' 

d' 

ii5i 
iiSa 
£z53 
xi54 
ii55 

+8.3240 
8 . 0729 
8.3696 
8.0000 
8.0723 

— 9-1941 
8.9270 
9.1969 
8.8247 
8.8691 

+0.7718 
o.3o36 
0.7735 
o.5i65 
0.5737 

—8.2813 

+7.8685 
—8.3276 
—7.2034 
-7.7314 

+9.8542 
—9.9811 
+9.8550 
—9.4320 
+8.8082 

+9.0833 
—8.9372 
+9.1260 
+8.3739 
+8.8569 

— 0.4282 
0.4439 
0.4701 
0.4727 
0 . 5ooo 

-9.9961 
9.9958 
9.9952 
9.9952 
9.9945 

1x56 
iiSi 
ii58 
1 169 
1 160 

8.3785 
8.o83i 
8.1695 
8.1695 
8.1596 

9.i5i2 
8.8457 
8.9302 
8.9298 
8.9177 

0.747a 
0.4117 
0.2976 
0.2981 
o.3i42 

—8.3259 
+7.6256 
+7.9731 
+7.9727 
+7.9436 

+9-8274 
—9.8752 
—9.9830 
-9.9829 
-9.9747 

+9.1685 
-8.7735 
— 9.0365 
—9.0364 
—9.0194 

<y.5234 
0.5333 
0.5351 
0.5355 
0.5376 

9.9939 
9.9936 
9.9936 
9.9936 
9.9935 

1161 
1 162 
ii63 
ii64 
ii65 

8.3o63 

8.4947 
8.3170 
8.1871 
8.i5io 

9.o63o 
9.2324 
9.0349 
8.8930 
8.8512 

0.0654 
0.7947 
0.1268 
0.3449 
0.5593 

+8.2217 
—8.4600 
+8.2183 
+7.9255 
—7.7415 

— 0.0242 
+9.8701 
—0.0190 
—9.9544 
—8.2480 

— 9.x52i 
+9.2205 
-9.1757 
— 9.0242 
+8.88x8 

0.5389 
0.5574 
0.5765 
o.588i 
0.5935 

9.9934 
9.9929 
9.9922 
9.9918 
9.9915 

X166 

1 167 

1 168 
X169 
1170 

8.1714 
8.1595 
8.3621 
8.1798 
8.1496 

8.8632 
8.85o6 
9.0326 
8.8484 
8.8i5i 

0.5709 
0.5590 
o.i3oi 
o.4o32 
0.4741 

—7.8205 
—7.7488 
+8.2632 
+7.7619 
+6.9946 

+8.6857 
-8.2878 
— 0.0176 
—9.8890 
—9.7001 

+8.9485 
+8.8893 
—9.2209 
—8.9037 
-8.1696 

o.6oi5 
0.6023 
0.6220 
0.6238 
0.6269 

9.9912 
9.9912 
9.9903 
9 . 9902 
9.9901 

1171 
1172 
1173 
1174 
1 175 

8.1794 
8.1498 
8.4412 
8.2489 
8.7121 

8.8447 
8.8i5i 

9.1047 
8.0098 
9.3710 

0.5539 

0.4741 

9.9436 

+0.32I5 

—9.1635 

-7.7396 

+6.9947 
+8.3752 
+8.0254 
+8.6947 

—8.6929 
— 9.7001 
— 0.0260 
—9.9694 
—0.0248 

+8.8849 
—8.1697 
—9.2606 
— 9.1055 
— 9.3i35 

0.6270 
0.6270 
0.6288 
o.63i2 
0.6331 

9.9901 
9.9901 
9.9900 
9.9890 
9.989S 

1176 

"77 
1178 
1179 
X180 

8.3070 
8.7634 
8.X974 
8.2475 
8.2607 

8.9544 
9.4072 
8.8271 
8.8750 
8.8860 

+0.2605 

—0.2747 

+0.4354 

0.5826 

0.3507 

+8.1468 
+8.7489 
+7.6067 

-7.9477 
+7.9908 

—9.9948 
— 0.0226 
—9.8256 
+9.o5x2 
—9.9488 

-9.1817 
—9.3307 
—8.7680 
+9.0609 
—9.0930 

0.6441 
0.6475 
0.6610 
0.6630 
0.665I 

9.9893 
9.9801 
9.9864 
9.988$ 
9.988?: 

1181 
xi8a 
Ii83 
xi84 
ii85 

8.4649 
8.2379 
8.6987 
8.3089 
8.2730 

9.0828 
8.8437 

0.3002 

8! 8637 

0.0091 
+0.5555 
—9.8553 
+0.6083 

0.5747 

+8.3915 
—7.8107 
+8.6746 
— 8.091X 
— 7-9429 

—0.0226 
—8.5977 
—0.0246 
+9.3840 
+8.84x4 

—9.2965 
+8.9641 
—9.3613 
+9.1680 
+9.0654 

0.6721 
0.6835 
0.6876 
0.6880 
0.6977 

9.9877 
9.9871 
9.9868 
9.9868 
9.9862 

1186 
1187 
X188 
1189 
1190 

8.3422 
8.2263 
8.2387 
8.3359 
8.3479 

8.9303 
8.8114 
8.8220 
8.9135 
8.9221 

0.6217 
o.5o33 
o.44o4 
0.6112 
0.6x68 

-8.X567 
— 7.X755 
+7-6n4 
—8.1266 
—8.1521 

+9.4812 
—9.5392 
—9.8129 
+9.4074 
+9.4489 

+9.2124 

+8.3498 
-8.7751 
+9.1984 
+9.2i5i 

0.7001 
0 . 7029 
0.7046 
0.7100 
0.7131 

9.9860 
9.9858 
9.9857 
9.9853 
9.9861 

1191 
1192 
1193 
1194 
(195 

8.2734 
8.2723 
8.3240 
8.4027 
8.5543 

6.8390 
6.8109 
8.8500 
8.9130 
9.0633 

0.5530 
0.5126 
0.5661 

-7.8328 
—7.4257 
-7.9581 
+8.2006 
+8.4759 

—8.7372 
—0.4664 

+  8,3222 

-9.9721 
— o.ox55 

+8.9783 
+8.S973 
+9.0897 
— 9.2678 
-9.3927 

0.7211 
0.7461 
0.7577 
0.772a 
0.7733 

9.9845 
9.9825 
9.9816 
9 . 9802 
9.980X 

1x96 
1197 
X198 

"99 
laoo 

8. 3200 
8.3309 
8.3x53 
8.4x17 
+8.5786 

8.8289 
8.8337 
8.8114 
8.9053 
—9,0718 

0.5460 

0.4X12 

or.  4495 

0.3X82 

+0.032I 

-7.8374 
+7.8878 
+7.6085 
+8.1998 
+8.5o44 

—8.9796 
—9.8743 
-9.7873 
-9.967X 
— o.oi54 

+8.9886 
-9.0337 
—8,7761 
—9.2731 
— 9,4ii3 

0.7734 
0.7790 
0.7850 
0.7873 
—0.7878 

9.9801 
9.9796 
9.9790 
9.9787 
—9.9787 
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No. 

B.A.C. 

ConitallatioD. 

Mac. 

Right  AMMtialon, 
lu.  1, 1660. 

Anaiuil 
VuUaon. 

MofthPMarlMM., 
Jan.  1, 1850. 

AauA 
TnitflDL 

I80I 
1202 
I803 
I304 
I205 

6608 

6610 
66x2 
66x9 
6622 

Sagittarii, 

Sagittarii, 

57  DracoDia, 

44  SagiUarii, 

Sagittarii, 

d 
a 

3i 

4 

3 

5 

4 

JL    m.        M. 

19  XX  5o.53 
12  21.92 
xa  3o.45» 
X2  58.18* 
x3  >9.33 

+4.328 
4.331 
o.o4x 
3.489 
4.179 

x34  44     8.0 
x35    4  36.4 
33  36     8.3* 
108     7  a8.7* 
i3o  53  34.4 

-5.99 
6.o3 
6.3i 
6.34 
6.06 

I306 

iao7 
1208 
I809 
laio 

6623 
6644 
6646 
6649 
p65o 

I  Cygnif 
3x  Aqoils, 
3o  Aquile, 

Teleacopii, 
60  Draconis, 

K 
b 
d 

r . 

4 
5 

3i 
4 

4^ 

x3  37.94* 
X7  49. o6* 
X7  56. o5* 
x8  33.67 
18  24.87 

1.389 

8.865 

3.037 

+4.901 

— X..096 

36  54  aa.9* 
78  33   x8.3 
87  10  48.6* 
x45  34  4a. a 
16  55  30,9 

€.4* 
7.37 

.    -e.so 

6.63 
6.81 

X3II 

1212 

I2l3 
I2l4 

isi5 

6662 
6674 
6690 
6697 
6701 

58  Draconia, 
6  Vulp6cul«, 
6  Cygni, 
10  Cygni, 
38  Aquils, 

a 

4 
4 
3 
5 
4i 

X9  53.25* 
22  27.88 

24  40.37* 

25  55.37* 

26  45.67* 

+o.33a 
3.495 
a.  430 
1.5x6 
a.934 

34  34  a6.3* 
65  38     6.3* 

63    81       7.8* 

38  35  X7.5* 
93  56     8.4* 

6.87 
6.97 
7.26 
7.47 
7.3> 

xai6 
'1817 
X.218 
18Z9 
1220 

6703 
6706 
67x3 
67x5 
6729 

37  Aquila, 
52  Sagittarii, 
39  Aquilee, 
4x  Aquils, 
44  Aquilie,  ; 

k 
A* 

c 
a 

5 

4i 

4 

5 

5 

26  5X.35 

27  34.39* 
38  49.94 
a8  57.70 
3i  47.36* 

3.3i3 
3.663 
3.333 
S.iti 
a. 965 

100  53  59,9 

xx5  X3  33.7* 

97  8X  33.0 

91  36  53.7 

84.56  84.7* 

7.41 
7.48 
7.60 
7.60 
■7.83 

laaz 
1222 

1223 

1224 
1226 

6734 
6735 
6739 
6740 
6742 

x3  Cygni, 
6x  Braconia, 
5  Sagitt«», 
X2  Cygni,    . 
55  Sagittaiii, 

e 

a 
a 

4 
5 
4 
4 
5 

3a  35.18* 
33  38,53* 
33  33.6x 
33  37.16 
33  56.10* 

+1.611 

—0.107 

+a.685 

a.  368 

3.440 

4o     7  87.6* 
80  35  38.1* 
73  19  36.6 

60    XX    38.3 

xo6  a8  I 3. 8* 

t8.o8 
.6.06 
7.98 
8.01 
,8.o3 

1226 
1227 
1 828 
1229 

>X23o 

6744 
6748 
677X 
6772 
6779 

.6  Sagitte,.   . 

Cygni, 
x5  Cygni, 
5o  AquilaB, 
18  Cygni, 

5 
5 
5 
3 

34  18, 8a 

35  18. i5 

38  53.09 

39  7.67* 

40  17.33* 

r.S2 

a.  166 
3.857 
1.876 

78  58     I. a 
35  88  34.5 
53    0  16.7 
,  79  44  54.7* 
45  i3  58.7* 

B.o4 
8.10 
8.47 

;8.5o 

I23X 
1232 

1233 
1234 
1235 

6780 
6783 
6784 

6801 

Cygni, 

7  Sagitte, 
17  Cygni, 

8  Sagitt*.     , 
Pavonia, 

d 
X 

C 

t 

5 
4 
5 
5 
4 

4o  17.99 
4o  4a. x6 
4o  44.09 

42  X9.25 

43  8.80 

i.i58 
3.684 
3.375 
a.  668 
7.094 

3a  ,ao  83. 1 
7X  49  54.7 
56  37    4.1 
71  j3  48. 0 
i63  17  48.4 

fi.So 
fl.58 

8.09 

8.73 
8M 

X236 
1237 
1238 
X239 
1240 

6802 
6811 
68x2 
68x7 
6825 

53  Aqniltt, 

Sagittarii« 
Cygni, 
59  Aquiln, 

a 
n 

xf 

4 
4i 

I 

43  37.78* 

44  49.86 
44  54.98 

.  45  28.47* 
.  46  58.67* 

a.  935 
3.060 

tilt 

3.9x3 

81  3i  86.3* 
89  38  3x.6 
i38  i5  36.6 
49  46  45.0* 
8x  55  83.8* 

8.9. 
8.»7 

is4i 
1242 
1243 
.X244 
1245 

6827 
6832 
6833 
6849 
685i 

x3  VulpecuUe, 

59  Sagittarii, 

60  Aquilas, 
22  Cygni, 
2x  Cygni, 

h 

V 

5 

5 

31 

5 

5 

47    5.33 
.  47  44.09* 
47  56.66* 
5o  30.X9 
5o  41.Z0 

3.553 
3.606 
8.953 
a.x44 

3.853 

66  x8  38.5 
XX7  33  44.7* 
83  57  5x.5* 
5x  54  33.9 
55  18  47.0 

9.11 
9.09 
8.56 
,.30 

9-»7 

1246 

ia47 
1248 
ia49 

I25o 

6857 
6858 
6866 
6870 
6873 

Cygni, 
13  Saffittse, 
x4  VulpeculjB, 
62  Sagittarii, 

Pavonis, 

7 

e 

d 

5 

4^ 

5 

4* 

4 

53     1. 19 

52      5.22 

52  44.48 

53  25.57* 
19  53  56.99 

a.o8x 
3.669 
8.576 
3.705 
+5.969 

5o     I  58.3 

70  54  4i.o 

67  18  16.4 

1x8    7  19.x* 

i56  33  x8.i 

^.5o 
,.45 

-Ik 
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No. 

L^gnkliiM  or                             II                             LognrlthiiM  or                             i 

a 

^        1        c      ■ 

-   i    ■  ■ 

a' 

*' 

c' 

df 

laoi 
laoa 
iao3 

I2o4 

iao5 

+8.46x5 
8.4671 
8.732X 
8.34x6 

8.444© 

* 

—8.9507 
6.9530 
0.9x71 
8,8236 
d.9227 

+0.6366 
0.6380 
6.2672 
a.  5424 
0.6201 

—6.3090 
—8.3172 
+8.6974 
—7.8345 
T-6.2600 

+9.5578 
+9.5643 
-^0.0188 
—9.0682 
+9.4672 

+9.3365 
+9.3422 
—9.4582 
+8.9885 
+9.3a6 

—0.7913 
0.7943 
0.7952 

—9.9783 
9.9780 
9.9779 
9.9776 
9.9773 

zao6 
1207 
iao8 
1209 
1210 

8.5443 
8.3555 
8.3476 
.    8.5954 
8.8855 

9.0226 
8.8074 
8.7988 
9.0439 
9.3339 

o.x4o4 

0.4489 

a.  4784 

+0.6900 

—0.0287 

+a.4477 
+7.6599 
+7.039! 
— 8,5uo 
+8.6663 

— o.oo83 
—9.7890 
—9.6611 
+9.7236 
— o.on8 

— o.4oa3 
—6.8269 
— 8.2i5i 
+9.44x1 
—9.5065 

0.8016 
0.8248 
0.8254 
0.8278 
0,8279 

9.9772 
9.9745 
9.9744 
9.9741 
9.9741 

1211 
12X2 
I2l3 
I2l4 

iai5 

8.7384 
8.4111 
8.4342 
8.5926 
8.3949 

0.1780 
,  8.8357 
B.8462 
8.9977 
8.7953 

+9.5066 
0.3986 
0.3634 
0.X794 
0.4649 

+8.6972 
+8.0266 
+8.1008 
+8.4856 
+7.4849 

— o.ox5o 
-^9.8929 
—9.9x23 

—9.4922 
—9.1621 
—9.2242 
—9.4567 
-8.6576 

0,8357 
0.8489 
o,8599 
a.  8659 
0*6699 

9.9731 
9.9713 
.9.9697 
9.9687 
9.9681 

1216 
X217 
1218 
1219 
1220 

8.4000 

a. 4390 
8.4049 
8,4021 

.    8.4x66 

8.7998 
6.8349 
8.7940 
8.7905 
8.7898 

0.5198 
0.5628 
0.5093 
0.492X 
0.4715 

—7.6760 
— 8.0663 
-7-5x23 
— 6.85ax 
+7.36ao 

-9.3993 
+7.4x5o 
—9.4940 
—9.6103 
—9.7x05 

+8.8442 
+9.2009 
+8:6848 
+8.0280 
-6.5364 

0*8704 
0.8738 
0*8796 
Oi8do3 
0,8932 

9.9680 
9.9675 
9.9665 
9.9664 
9.9642 

1221 

1222 
1223 
1224 
1925 

8.6o85 
8.8724 
8.4430 
8.4839 
8.442! 

8.9784 
J9.24X2 
8.8078 
3.8484 
8.do46 

+0.9079 

—9.3023 

+0.4281 

0.3743 

0.5357 

+6.4919 
+8.8437 
+7.9252 
+8.i6o3 
-7.6951 

-r 9. 9926 
— o.oo58 
—9.8402 
— 9*9206 
^9.1937 

— 9-4772 
—9.5660 
—9.0803 
—9.2948 
+9.o53o 

0.8960 
0.8969 
0,9003 
0.900S 
0.9027 

9.9629 
9.9620 
9.9625 

1226 
1227 
1228 
1229 
X23o 

.    8.4457 
8.6676 
8.5429 

.    8.4533 
8.5998 

8.8o58 
9.0226 
6.8798 
6.7890 
8.9297 

0.4302 
0.1297 
0.3336 
o.455o 
0.27x7 

+8 '.5790 
+8.3223 
+7,7036 

+6.4475 

-^9.8355 
-9.9987 
-^9.9510 
-9:7698 
—9,9759 

—9.07x3 
—9.5177 
—9.4007 
—8.8727 
-9-4748 

0,9043 
0,9086 
0^9235 
0. 9246 
0.9293 

9.9621 
9.9613 
9.9583 
9.9580 
9.9570 

I23l 
1232 

1233 
1234 
1235 

8.7228 

8.4829 
9.0039 

o.o526 
.8.8028 
6.8588 
8.8028 
9.3198 

0.0637 
0.4271 
0.3567 
o.425o 
9.85o9 

+8.64q6 
+7.9668 
+8,2717 

-9-9989 
—9.8417 
^9-9347 
-9.8458 
+9,6679 

-9.5540 
-9.1227 
—9.3695 
— 9.X428 
+9.6x98 

0.9994 
.  0.9310 
0.931X 
0.9375 
0.9407 

9.9570 
9.9567 
9.9566 
9.9552 

9-9545 

1236 
1237 
1238 
1239 
1240 

8.4684 
8.4690 
8.6000 

8.5886 
8.48.15 

6.7628 
8.7768 
6.9074 
6.8934 
.  8.7791 

.  o.46xi 
0.4854 
0.6191 
o.3i34 
0.4626 

+7.6369 
+6.5o64 
—8.4277 
+6.3966 
+7,6292 

—9.7496 
-^946471 
+9.45o3 
-9.9590 
—9.7445 

—8.8082 
—7.6824 
+9.4731 
-0.45.76 
—8.8009 

0.9420 
0.9473 
0.9476 

9.9542 
9.9529 
9.9528 
9.9523 
9.9509 

1241 
1242 
1943 
1244 
1245 

8.5x58 
8.5323 
8.4832 
8.5942 

8.5758 

6.81,99 
.8.8264 
8.7763 
8.8754 
.8.8561 

0.4060 
0.5673 
0.4690 
.o.33o8 
.0.3524 

+8.1198 

+8.3844 
+8.33x0 

—9.6786 
+8. 4440 
—9.7204 
—9.9485 
■^9  •9349 

-9.2577 
+0.3214 
-8.6787 
—9.4565 
-9.4221 

0.9559 
0.9583 
0.9591 
0.9685 
0.9691 

•  9.9508 
9.950X 
9.9499 

.   9-9474 
9.9473 

1246 

1247 
1248 
1249 

I25o 

8.6x.n 
8.5204 
8.5332 
8.5551 
-f-8.9097 

•  6.6654 
.8.7943 
8.6o4i 
8.8230 

—9.  x58i 

0.3x83 

0.4252 

0.41x2 

o.568x 

+o.76ao 

+8,4189 
+8.o35o 
+8.1x96 
—6.2985 
—8.8652, 

—9,9541 
-9.6444 
—9.8695 
+8.5o65 
+9.6019 

—9.2606 
+9.3500 
+9.6411 

0.9739 
0.9741 
0.9765 
0.9789 
—0.9607 

9.9459 
9.9459 

,    9.9452 
9.9445 

—9 .  9440 
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No. 

B.AC. 

Mac. 

Jan.  ],  1850. 

Amnal 
VartsUoB. 

N«rthFtoltfDlM^ 
J«a.  1, 18S0. 

VariatiaQ.| 

I25z 

6877 

Saffittarii, 
x5   VuTpecolae, 

5 

A    m.        «. 
19  54  48.47* 

+  3.840 

122    38    23.  I*'—  9.54I 

1952 

6879 

5 

54  55.4o» 

2.469 
2.543 

62    39    38.0* 

9.72 

1253 

6882 

Yulpeculn, 

5 

55  23.47 

65  36  44.2 

9.7J 

1254 

6905 

64  Draeonis, 

e 

5 

59  52.41 

o.65i 

25  35  54.4 

10.00 

1255 

6926 

67  Draeonis, 

P 

4 

20    2    7.69* 

o.3oo 

22  33  z4.i* 

10.33 

1256 

6932 

66  DraconiB, 

5 

3    9.i7» 

0.964 

38  36  19. 7* 

10.32 

1257 

6934 

65  Aquilae, 

$ 

3i 

3  33. 76* 

3.xo3 

91  i5  44.8* 
53  35  56-7* 

lo.Si 

1258 

6937 

28  Cygni, 

*• 

5 

3  51.43* 

2.228 

10.43 

1259 

6952 

67  Aquflae, 

p 

5 

7    20.25 

2.779 

75  i5  SI. 9 

10.66 

1260 

6959 

Cygni, 

5 

8  21. 19 

1. 671 

38  59   lo.o 

10.65 

1261 

6965 

3i   Cynii, 
VuIpeculaB, 

o» 

4 

8  54. 58* 

1.890 

43  43  4o.6* 

X0.75 

1262 

6966 

5 

8  54.68 

2.540 

64  5i  43.3 

10.70 

1263 

6972 

5  Capricomi, 
23  Vulpeculae, 

a> 

4 

9  19.76* 

3.334 

102  58     4.0* 

10.75 

1264 

6973 

4i 

9  33.36 

3.485 

62  38  32.4 

10.80 

1265 

6974 

6  Capricomi, 

e^ 

3 

9  43.67* 

3.339 

io3    0  30.7* 

10.75 

1266 

6976 

33  Cygiii, 

A\ 

9  54.48* 

1.401 

S3  53  33.0* 

10.81 

1267 

6979 
6983 

24  Vulpecul«, 

5 

10  22. IX 

2.569 

65  47  14.0 

10.82; 

1268 

32  Cygni, 

4^ 

10  49.97* 

1.854 

43  44  39.2* 
io3  i3  36.7* 

10.87, 

1269 

6991 

8  Gapricorni, 

V 

5 

12  20. 3o* 

3.337 

10.94 

1270 

6995 

9  Capncorni, 

p 

3i 

12  34.69* 

+  3.380 

io5  i5     3.4* 

II.Ol' 

1271 

6999 

Urae  Minoris,  X 

5 

i3     1.76* 

—53.184 

I      8  82. 0* 

11.02 

1272 

7004 

Pavonis, 

a 

2 

i3  45. o3 

+  4.807 

147  12  35.3 

11.02 

1273 

7005 

I  Cephei, 

K 

4i 

i3  50.39* 

—  1.862 

12  44  34.7* 

ii.o; 

1274 

7022 

37  Cygni, 

7 

3 

x6  5o.8i* 

+  2.i53 

5o  i3  i5.4* 

11.3c! 

1275 

7027 

Cygni, 

5 

17  25.78 

2.126 

49  37    4.6 

1 1. 3: 

1276 

7029 

39  Cygni, 

5 

17   52.25 

2.395 

58  17  86.5 

11.401 

1277 

703 1 

10  Capncorni, 

fC 

5 

18  43.70* 
20  17. -88* 

3.446 

108  4i  57.1* 

11.46 

1278 

7042 

II  Capricomi, 

P 

5 

3.433 

108  18  19.4* 

ii.5f; 

1279 

7o58 

69  Aquils, 

5 

21  48.62 

3.145 

93  22  49.1 
60    7  46.2 

ii.6f. 

1280 

7067 

4 1  Cygni, 

4i 

23  x5.99 

2.45o 

xi.7f 

1281 

7085 

45  Cygni, 
2  Delphini, 

«* 

5 

25  24.79 

1.858 

4x  33     2.5 

11.91 

1282 

7088 

e 

4 

26     2.66* 

2.868 

79    12    II. 2* 

11.93 

X283 

7091 

46  Cygni, 

«• 

5 

26  40.95 

i.85i 

4i  17     1-5 

11.9^^ 

1284 

7096 

Indi, 

a 

3 

26  59.94 

27  3.34* 

4.264 

x37  48  34.0 

ia.o6 

1285 

7098 

2  Cephei, 

6 

5 

1.020 

27  3o  33.1* 

n-99j 

1286 

7106 

PaTonis, 

V 

5 

38     7.79 
28  17.73* 

5.642 

i57  17    0.3 

11.96 

1287 

7107 

4  Delphini, 

f 

5 

2.807 

75  5o  23.9* 

la.K 

1288 

7121 

6  Delphini, 

P 

4 

3o  30.86* 

2.8x3 

75  55  25. o* 

12. 3S 

1289 

7122 

71  Aquilas, 

5 

3o  35.24* 

3.104 

91  37  3i.i 
i56  44    9.6 

X2.t7 

1290 

7129 

PtaTonis, 

P 

3 

3i  22.68 

5.534 

ia.S9 

1291 

7134 

8  Delphini, 

V 

5 

3i  30.26* 

3.426 

108  39  45.9* 

12.36 

Z292 

7137 

e 

4i 

3x  39.29 
32  40.96* 

2.833 

77  12  26.7 

12.36 

1293 

7149 

9  Delphini, 

a 

3* 

2.791 

74  36  49.4* 

12.41 

1394 

7i65 

PaTonia, 

a 

4* 

35     o.5i 

5.823 

159  19     Z.5 
45  i5  12.4* 

12.63 

X395 

7171 

5o  Cygni, 

a 

X 

36  19.1a* 

2.044 

12.64 

1 896 

7x73 

XI  Delphini, 

6 

4 

36  27.50* 

2.804 

75  27  36.8 

12.63 

1297 

7177 

16  Capricomi, 

♦ 

4* 

37    12. 3l* 

+  3.570 

1x5  48  21.7* 

12.55 

1298 

7178 

75  Draeonis, 

5i 

37  a5.20* 

—  3.382 

9     5  41.9* 

12.7J 

1299 

7184 

Urse  Minozis, 

» 

5 

37  47.97 

— 4X.226 

I  20    4.6 

12.751 

i3oo 

7196 

2  Aquarii, 

e 

4i 

20  39  33. i3* 

+  3.259 

100      8    38.6* 

-I2.8i] 
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No. 

Logarithms  of 

Logarithms  of                              j 

a 

h 

c 

d 

fl' 

b* 

c' 

df 

ia5x 

ia53 
1254 
ia55 

+8.5792 
8.5572 
8.5480 
8.8869 
8.9460 

— 8.84o8 
8.8183 
8.8070 
9.1260 
9.1753 

+0.58x7 
0.3917 
o.4o48 
9.8x49 
9.4738 

—8.3091 
+8.2X93 

+8. 1 638 
+8.842X 
+8. 9114 

+9.0204 
-9.8967 
—9.8790 
—9.9862 
— 9.983X 

+9.4114 
—9.3440 

—9.6713 

-0.983V 
0.9841 
0.9857 
X.0008 
x.oo8x 

— 9.943 X 

9.9439 
9.9425 
9.9377 
9.9352 

1256 
1257 
1258 
1259 
1260 

8.8553 
8.5345 
8.6296 
8.5607 
8.7505 

0.080T 
8.7576 
8.85i4 
8.7677 
8.9532 

9.9776 
0.4908 
0.3474 
0.4428 

0.2230 

+8.7994 
—6.8775 
+8.4o3o 
+7.9663 
+8.64x0 

-9.9832 
— 9.618X 
—9.9336 
—9.8034 
—9.9692 

—9.6533 

+8.0535 
—9.4848 
-9.x  279 
— 9.6x59 

i.oix4 
1.0x27 
x.ox36 
X.0244 
1.0275 

9.9340 
9.9336 
9.9332 
9.9292 
9.9280 

1261 
1262 
1263 
1264 
1265 

8.7114 
8.5941 
8.5634 
8.6043 
8.5646 

8.9118 
8.7945 
8.7620 
8.8020 
8.7616 

0.2759 
0.4048 

o.5a25 
0.3956 
0.5226 

+8.5704 

+8.2223 

— 7.9*44 
+8.2666 
—7.9169 

—9.9597 
—9.8764 
— 9.3670 
-9.8885 
—9.3672 

—9.5860 
—9.3552 
+9.0792 
—9.39x2 

+9.08x7 

X.0292 
1.0292 
i.o3o4 
x.o3xx 
i.o3x6 

9.9273 
9.9273 
9.9268 
9.9266 
9.9264 

1266 
1267 
1268 
1269 
1270 

8.8075 
8.5952 
8.7249 
8.5727 
8.5773 

9.0037 
8.7895 
8.9172 
8.7588 
8.7624 

0.1435 
0.4089 
0.2680 
o.523o 
+0.5284 

+8.7267 
+8.208X 
+8.5908 

— 7.9322 

-7.9973 

—9.9742 
— 9.8700 

— 9^363 X 
-9.2978 

— 9.649X 
—9.3442 
—9.5986 
+9.0966 
+9.1578 

I.o322 

1.0335 
X.0349 
X.0393 
x.o4oo 

9.9261 
9.9256 
9.9250 
9.9232 
9.9229 

1271 
1272 
1273 
1274 
1275 

0.2644 
8.83i4 
9.2218 
8.6882 
8.6947 

0.4477 
9.0117 
9«4oi7 
8.8558 
8.8599 

—1.7254 
+0.68x5 
— 0.2699 
+0.3325 
0.3276 

+0.2643 
—8.7561 

+9.2x10 

+8.4943 
+8.5077 

-9.9867 
+9.6689 
—9.9588 
-9.9358 
—9.9377 

+9!  6658 
—9.7306 
—9.5560 
-9.5645 

x.o4x3 
X.0434 
1.0437 

I.o522 

1.0538 

9.9223 
9.92x4 
9.92x3 
9.9x75 
9.9x67 

1276 
1277 
1278 
1279 

8.646o 
8.6026 
8.6059 
8.5881 
8.6531 

8.8io3 
6.7625 
8.7594 
8.7356 
8.7948 

0.3783 
0.5369 
0.5356 
0.4962 
0.3888 

+8.3676 
— 8.X086 
—8.1029 

—7.3587 

+8.35o4 

—9.9045 
—9.x  688 
—9.x  903 
-9.5857 
—9.8922 

—9.4734 
+9.26XX 
+9.2564 
+8.5340 
-9.4646 

i.o55o 
1.0574 
x.o6x6 
X.0657 
1.0695 

9.9x62 
9.9x50 
9.9x30 
9.9x09 
9.9090 

1281 
1282 
1283 
1284 
1285 

8.7751 
8.6062 
8.7806 
8.7737 
8.9365 

8.9082 
8.7368 

9.0631 

0.2685 
0.4572 
0.2670 
0.6286 
0.0060 

+8.6492 
+7.8788 
+8.6565 
—8.6435 
+8.8843 

-9-9496 
— 9.761 X 
—9.9489 
+9.4804 
-9.9595 

—9.6470 
— 9.047X 
—9.6520 
+9.6467 
— 9 . 725o 

X.075X 
X.0767 
X.0784 
1.0792 
1.0793 

9.9060 
9.905X 
9 . 9042 
9.9038 
9.9037 

1286 
1287 
1288 
1289 
1290 

9.0169 
8.6175 
8.6229 
8.6100 
9.0152 

9.1393 
8.7302 
8.7359 
8.7227 
9.1248 

0.7497 
0.4474 
0.4480 
0.49x4 
0.7424 

—8.98x9 
+8.0060 
+8.0089 
— 7.0627 
—8.9784 

+9.7550 
-9.7896 
-9.7878 
—9.6x42 
+9.7436 

+9.7447 
—9.1687 
— 9.X717 
+8.2387 
+9.75x0 

1.0820 
X.0824 
X.0879 
x.o88x 
X.090X 

9.9022 
9.9019 
9.8987 
9.8986 
9.8975 

1291 
1292 
1293 
1294 
1295 

8.6355 
8.6233 
8.6307 
0.0724 
8.7721 

8.7446 
8.73x9 
8.7353 
9.1679 
8.8625 

0.5349 
0.4520 
0.4443 
0.7659 
o.3ioo 

— 8.x4o6 
+7.9686 
+8.0545 
—9.0435 
+8.6197 

— 9.2000 
—9.7766 
—9.7973 
+9.7607 
—9.9318 

+9.2933 
—9.x  337 
-9.2x47 
+9.7676 
—9.647a 

1.0904 
X.0907 
X .0932 

X.0988 

i.xox8 

9.8973 
9.8970 
9.8955 
9.8920 
9.8900 

1296 
1297 
1298 
1299 
i3oo 

8.6380 
8.6712 
9.4272 
0.2599 
+8.6377 

8.7278 
8.7582 
9.5i34 
0.3443 
-8.7156 

0.4474 
+0.5528 
— 0.5299 
—1.6x52 

+0.5X22 

+8.0378 
—8.3x00 
+9.4218 
+0.2598 
— 7.879 X 

—0.7888 
—8.7308 
—9.9202 
-9.893X 
—9.4676 

-9.X997 
+9.4405 
-9.7967 
— 9.803 1 
+9.0485 

1.X022 
X.X039 
X.X044 
i.io55 
— I. 1093 

9.8898 
9.8886 
9.8883 
9.8876 
—9.8850 
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Oa*aloovb 

or  1500 

Stars. 

No. 

B.A.C. 

CoMUUttloa. 

MK. 

Riflit  AfleoutoB, 
Jml  1,1850. 

Amraal 
Vtrtetioii. 

NofthPolurDlflt., 
Jan.  1,  1850. 

Anmil 

Vrrttka. 

l3oi 
i3oa 
i3o3 
[3o4 
[3o5 

7aoo 
7aoi 
7ao4 
.7ao7 
7*13 

13  Delphini, 
3  Aqviarii, 

53  0yp.i,      - 
MicnMoomi, 

54  Cygni,  , 

r 

0 
X 

4 

4 

3 

4^ 

5 

Jl    m.       9. 

ao  39  4z-o5 

39  49.a6» 

40  •  8.56 
4o  35.59 
4i  34.06 

+3.785 
3.173 
d.436 
3*790 
8.333 

74  a4  44.9 
95  34  «4.3*' 
56  35  30.4 
ia4  19  5i.i* 
54    3  87,9 

— ia.7« 
18.85 
13.33 
13.78 
l3.o6 

i3o6 
i3o7 
i3od 
i3o9 
l3io 

79i5 
7aao 
7aa8 
7a39 
7a5o 

Cephei, 

6  Aquarii, 
Octantia,  . 

V 

a 

5 

3* 

4 

4i 

4^ 

4i  37.7a* 
4a  i3.97» 

43  a. 81 

44  33,56» 
46  a3.o7 

1.495 
1. 33a 

4.757 
3.346 

7.614 

38  57  84-9* 
38  44  33.€* 

149     0  54.6 
99  33   33. S* 

167.  35    17.5 

13.81 

13.86' 
13.09; 
I3.I7 
13.73 

i3rt 

Z3l3 

c3r3 
i3i4 
i3r5 

7a53 
7a56 

7*77 
7a8i 
7991 

57  Cypii, 

3a  VupeculK, 

58  Cygni, 
Cephei, 

76  Draconia, 

9 

5 

4^ 

4 

5 

5 

47  56.44* 

48  io.o5» 
5i  35. o4* 
5a  16. i4* 
53    7.6i» 

3.I30 
3.557 
3.334 

+i.6o5 

—3.83a 

46  10  43. !• 
63  3o  36.6* 
49  84  88.8* 
33  4i   18. 5* 
8     I  43.9* 

13.43 
13.47 
13.68 

13.67 
13.76 

i3i6 
x3i7 
i3r8 
i3z9 
i3ao 

7333 

7336 
7344 

Cephei, 
aa  Caprieomi, 
6a  Cygni, 
61  Cygni, 
1 3  Aqoarii, 

n 

9 

5 

5 

4 

5i 

5 

54  I3.I7* 

55  5i.59» 
59  a8.68* 

ai     0  10.71 
I  a5.o3* 

^3.433 

+3.430 

a.  180 

3.691 

3.376 

10    0  47.8* 
no  a6  40.9* 

46  4o     5.7* 

5i  59     8.0 

101  58  3a. 7* 

i3.8s 
13.901 
14.17 
17.49 
14.38 

l39I 

i3a2 
33a3 
l334 
i3a5 

7^45 
735o 
7368 
737a 
7M 

63  Cygni, 

5  Equnlei, 

64  Cygni, 

7  Equnlei, 
39  Caprioomi, 

r 

r 

6 

5 
5 
3 

4i 
5 

I  a6.o8» 
3    a. 89 

6  33.aa» 

7  10,57 
7  a6.34* 

a.o63 
3.933 
-9.55o 
3.937 
3«334 

4a  67     8.7« 
80  38  1 1 . 1 
60  a3     9.4* 
80  35  58,5 
io5  47  89 ,4* 

i4.2e 

l4'30 

14.52 

14.34 

14.66 

t3a6 
[3a7 
i3a8 
[3a9 
[33o 

738i 
7385 
7386 

Cephei, 

8  Equnlei, 
77  Draeonia, 
65  Cygni, 

4  Pwcia  Anat, 

a 

T 

5 

4i 

5* 

5 

5 

7  59.05* 

8  I9.45* 
8  33.65 
8  48.33* 
8  49. 7«* 

1. 54a 
+3.005 
— i.o46 
+3.391 

3.665 

3o  37  44. 3« 
85  83    10. I* 

13    88    59.^ 

5a  35  33. o* 
138  47  45- 8* 

i4.€3 
14.61! 

i4.7«| 
i5.s3! 

14.661 

1 

[33i 
[33a 
[333 
[334 
[335 

7398 
7399 
7407 

67  Cygni, 
66  Cygni, 
3a  Capricomi, 
P&vonia, 
5  Cephei, 

9 

V 

i 

y 

4i 

4* 

5 

3 

3 

II  31.69 
II  45.13 
i3  53. 3o* 
i3  58.74 
i4  59.74* 

a.353 
3.46s 
3.357 
5.081 
1.439 

5i   i3  54.3 

55  43  49.3 

107  88   la.  I* 

1 56     8  87.5 

a8     3  55.5* 

i4.87i 
14.91 
15.07 
15.73 
15.09 

[336 
[337 
[338 
[33o 
[34o 

7418 

74a3 
74a8 
7445 
7478 

6  Cephei, 
34  Capricorni, 
aa  Aquarii, 

y 

4 
5 
5 
4 
3 

i5    9.08 
i5  3i.4a 
16  i5.o7 
18     5.65* 
a3  39.51* 

3.776 
4w337 
1.359 
3.443 
3.168 

70  5o     4.3 
145  18   18.9 

85  45  47.3 
ii3     3  87. 5» 

96  i3  4i  .7* 

i5.i8 
14.95 
i5.i5 
i5.3i 
i5.6o 

i34i 
1 34a 
:343 
[344 
[345 

7480 
7493 
7495 
75o3 
75o6 

71  Cygni, 
8  Cephei, 
Cephei, 
73  Cygni, 
39  Capneomi, 

« 

5 

3 

5 

4f 

5 

a3  54.95* 
36  43.3a* 
36  53. o3 
38  ao.6o* 
a8  40.46* 

a.  306 

0.807 
1.647 

3.350 
+3.375 

44  7    8.0* 
ao    5  49.7* 
3o  13     3.9 

45  4  10. o* 
no     8     6.5* 

15.69 
15.69 
15-74 
i5.7'' 

i5.86i 

1 

[346 

(347 

1 348 

1 349 
i35o 

75io 
75i4 
7633 
75a5 
7539 

Cephei, 

a3  Aquarii, 

4  Pegaai, 

40  Capricorni, 

4 1  Capricorni, 

r 

5f 

5 

5 

4 

5 

39    6.18 
39  45.77* 
3i     1.09 
3i  46. 4o* 
31  33  37.80 

-1.389 

+3.«09 

3.004 

3.341 

+3.435 

10     7  48.8 

98  3l    86. !• 

84  54  10.9 

107  «o  i3.a* 

ii3  56  16.3 

15.96 
15.89 

15.99, 
16.03 

-i6.o4,l 
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Cataloous  ov   ItfiO.O  Stak8. 


»0. 

■      Logvitmnsor 

Logvitunadr 

a 

b        1        c 

d 

of 

6' 

'    c' 

tt 

iSoi 
i3oa 
i3o3 
i3o4 
i3o5 

+8.6476 
8.6336 
8.7108 
8.7164 
8.7272 

-8.7249 
8,7105 
8*7864^ 
8.7903 
8.7974 

+0.4448 
o.5oxi 
0.3794 
0.5762. 

.  0.3678 

+8.0769  . 

—7.6210 

+8.45i6 

—8.4677 

+Q.4958 

—9.8948 
+8.86i5 
—9.9028 

-9.3367 
+8.7960 
— 9*5493 
+9.6607 
— 9.580a 

—1.1096 
1.1099 
1.II06 
x.xix6 
1.1x38 

—9.8847 
9.8845 
9.8840 

9*8833. 
:   9.88^7: 

i3o6 
e3o7 
i3o8 
i3o9 
i3io 

8.9000 
8.9549 
8.9271 
8.6481 
9.3x37 

•   8.9700 
9 .0226 
8.9916 
8.7068 
9.^654 

0.1768 
0.0858 
.0,6773 
.o.5xo5 
.0.8816 

+8.8a38 

tS:K 

-7,8677 
— 9.3o34 

—9.9420 
—9.948© 
+9-6294 
—9.4816 
+9.8042 

-9.7355 

-9.7660 
+9.7480 
+9.0377 
+9^8118 

I. 1139 
I.X153 
1.1171 
i.iao4 
1.1343 

9.8817 
9.8807 
9,8793 
9.8769 

9.873.8 

i3ii 
i3is 
i3i3 
i3z4 
i3i5 

•8.79il 
8.7018 
8; 7764 
8.914a 
9.5149 

8.8368 
.  8.7467 
8.8o83 
8.9435 
9^54x0 

<  0^3267 

a.  4072 

.0.3486 

+Ofc2o56 

— 0.5838 

+8.63x4 
+8.3661 
+8.6898 
+8.8344 
+9.6106 

—9.9179 
—9.8620 
—9.9064 
-9.9287 
-9.8929 

—9.6658 
— 9.490X 
—9.6463 
-9.7645 
-9.83i8 

1.1876 
1.1381 
1.1352 
1.1366 
1.1383 

9.87x2 
9.8708 
9.8649 
9.8637 
9. .8681 

i3i6 

i3i7 
z3i8 
i3i9 

1 320 

g.4219 
8.6937 
8.8106 
8.7773 
8.6856 

9.4438 
8.7094 
8.8126 
8.7766 
8.6803 

^o.3833 

+o.535a 

0.3378 

0.3678 

0.5 145 

+9.4i53 
—8.2369 
+8.6471 
+8.6668 
-8,0026 

-9.8972 
-9.1909 
—9.904a 
—9.8904 
-9.4451 

— 9.83i6 
+9.3847 
-9.8660 
—9.6393 
+9.1693 

i<i4o5 
1.1437 
i«x5o7 
x.x52o 
I.X544 

9.860a 
9.8678 
9.8606 
9.8498 
9.8468 

x3ai 

1 322 

i3a3 
i3a4 
i3a5 

8.84»7 
8.6851 
8.7463 
8.6925 
8.7a38 

8.8373 
8.6736 
8^72x4 
8.6652 
8.6755 

.0.3x42 
0.4645 
o.4o63 
0.4662 

0.5223 

+8.7072 
+7;9o4x 
+8.4401 
+7.9066 
-8.1386 

—9.9085 
-9.735a 
—9.8663 
—9.7323 
—9.3646 

—9.7166 
—9.0743 
-9.5554 
-9.0768 
+9.2979 

1.1644 
1.1674 
1.1638 
i.i649 
1.1654 

9.8468 
9.8436 
9.8367 
9.8365 
9.8349 

i326 
1 327 
i328 
1 329 
i33o 

8.9809 
8.6900 
9.3539 
8.7895 
8.7649 

8.9606 
8.6584 
9.3222 
8.756J 
8.7314 

0.1848 
+0.4767 
—0.0173 
+0.3768 

.0.5630 

+8.9166 
+7.6970 
+9.3435 
+8.6730 
-8.4986 

—9.9074 
—9.6880 
—9.8800 
-9.8793 
+7.5oSa 

-9.7988 
-8.7717 
-9.8544 
— 9.649J 
+9.6993 

1.1662 
1.1669 
1,1670 
X . 1678 
X.1678 

9.8338 
9.833i 
9-8330 
9.832X 
9.8321 

i33i 
e332 
i333 
1334 
1 335 

8.8023 
8.7774 
8.7187 
9.0897 
9 .0277 

8.7685 
8.7328 
8.6659 
o*o366 
8.9707 

0.37x1 
0.3910 
0.6260 
0.7045 

.Q.l5ll 

+8.5990 
+8.5280 
—8.1961 
—9.0606 
+8.9735 

-9.8798 
-9.8668 
—9.3322 
+9.6329 
-9.8954 

— 9.6670 
—9.6212 
+9.3617 
+9.8353 
—9.8219 

1.1735 

1.1766 
1.1783 

9.8a65 
9.8260 
9.82x6 
9.8213 
9.8191 

1 336 
1337 
1 336 
1339 
1 340 

8.7»5x 
8.9456 
9.0640 
8.7413 
8.7155 

8.6675 
8.8866 
9.0022 
8.6724 
8.626a 

0.4416 
0.6376 
0.0988 

0.5366 
o.5ooo 

+8.24x3 
—8.8606 
+9.0x86 
—8.3342 
—7.7618 

—9.7967 
+9.4679 
-9.89x4 
-9.X6X7 
—9.5599 

—9.3927 
+9.7920 
-9.8327 
+9.4741 
+8.9253 

1.1786 
X.X792 
x«x8o4 
I.X834 
1.1922 

9.8188 
9.8180 
9.8164 
9.8x23 
9.7997 

i34i 
1342 
i343 
t344 
[345 

8.8716 
9.J824 
9.0172 
8.8709 
8.7488 

8.7803 
9.0803 
8.9144 
8.7624 
8*6390 

0.3429 
9.9067 
0.2168 
0.3624 
+0.6278 

+8.7276 
+9.X552 
+8.9538 

+8.7x99 
—8.2867 

— 9-^774 
—9.864a 

-9.8773 
—9.8699 
— 9.2929 

—9.7464 
—9.8673 
—9.83x5 
—9.7460 
+9.4344 

X • 193^ 
1.1968 
1.1971 
1.1993 
1.1998 

9.799X 

9.7926 

9.7921 
9.7886 
9.7877 

t346 

i347 
1348 

i349 
i35o 

9.4768 
8.7279 
8.7266 
8.746X 
+8.7674 

9.3653 
8. 61 38 
8.6076 
8.6241 
-8.6387 

^1-0.1784 

+0 .  5o4a 

0.4769 

0.6214 

+0.5346 

+9.4700 
-7.8988 
+7.6762 

— 8.2203 

—8.3766 

—9.83x6 
—9.6299 
—9.6866 
—9.3706 
—9.1889 

—9.8913 
+9.0701 
—8.8496 
+9.3762 
+9.6127 

1.3004 

1.201 3 

1.8032 

1 . 2042 

— X.2066 

9,7867 
9.7860 
9.7819 
9.7800 
-9.7758 
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Catalogue  of  1500  Stars. 


No. 

B.A.C. 

Mai. 

Rlfht  Aioenikm, 
Jan.  1, 1800. 

Anniul 
Variatian. 

NonhPoUrDiaL,   Aaanl  ! 
Jan.  1. 1850.       Vaiten.| 

z35i 

754a 

9  Cephei, 

5 

A    «.        «. 
21  33  53.84* 

+  1.609 

28  35   36.1* 

^-i6.i4 

1 352 

7543 

43  Capricorni, 

K 

5 

34  16.47* 

3.364 

109  32  49.9* 
123  42  a5.s« 

'     16.16 

1 353 

7557 

9  PiscisAust, 

I 

4i 

36    o,o2* 

3.600 

16.14 

1 354 

756o 

80  Cygni, 

ir» 

4i 

36  46.26* 

2.122 

39  29  36.7* 
80  48  37.o< 

'     i6.a5 

i355 

756i 

8  PegaM, 

€ 

ai 

36  49.11* 

2.951 

16.39 

1 356 

7567 

9  Pegam, 

4i 

$7  24.73 

2.844 

73  ao     4.7 

16.36 

i357 

7568 

78  Cygni, 

f^' 

5 

37  26.08* 

2.673 

6i  55  58. 3« 

16.08 

1 358 

7571 

10  Pegaai, 

K 

4 

37  51.26 

a. 712 

65     2  3a. 6 

16.35 

1 359 

758o 

49  Capricomi, 

6 

3i 

38  45. 3o* 

3.3a3 

106  48   18. 5* 

16.12 

i36o 

7583 

10  PiaciaAnst, 

e 

5 

38  55.41 

3.547 

121  35  a4.8* 

16.39 

i36i 

7588 

11  Cephei, 

4i 

39  42.86* 

0.908 

19   82    43.0* 

•  16.47 

i362 

7595 

10  Cephei, 

V 

4i 

4i     7.53* 

1. 731 

20  34  ia.4* 
18  22     1.6* 

16.46 

1 363 

7597 

78  Draconia, 

5 

4i  i3.o3* 

0.762 

16.47 

1 364 

7598 

81  Cygni, 

ir» 

5 

4x  i5.38* 

2.210 

4i  22  58.4* 

16M 

x365 

7607 

14  Pegaai, 

5 

43  12.63 

2.648 

60  3i   19. 9 

16.58 

z366 

7610 

Cephei, 

5 

44  21.68* 

1.096 

20  32  37.1* 

i6.65 

1 367 

7613 

Groia, 

r 

3 

44  49.99 

3.67a 

128    4     3.9 

16.55 

1 368 

7618 

5 1  Capricoini, 

A* 

5 

45    6.72* 

3.285 

io4  i5  18. 1* 

16.72 

x369 

7633 

6 

5 

47  40.33 

4.129 

145  42     8.6 

16.81, 

16.98I 
1 

1370 

7634 

Indii 

«» 

5 

47  51.53 

4.289 

149  43  36.4 

1371 

7657 

12  Piacia  Anat, 

n 

5  • 

5a  12.57 

3.469 

119  10  i5.o 

17.05 

1372 

7672 

3 1  Aquarii, 

0 

5 

55  33.31 

3.110 

92  52  37.2 
i3o  i5  55.1 

17.19 

1373 

7684 

Gniia, 

A 

5 

57     3.47 

3.65o 

17.0a 

1374 

7686. 

16  Cephei, 

5 

57     5.37* 

0.885 

17  32     o.o* 

17.06 

1375 

7688 

34  Aqnarii, 

a 

3 

58    4.64* 

3.o85 

91     2  47.4* 

17.29 

1376 

7689 

22  Pegaai, 

V 

5 

58    6.89 

3.o3i 

85  4o  28.3 

17.38 

1377 

7691 

33  Aqoarii, 

t 

A\ 

58  19.77* 

3.252 

io4  35  43.3* 

I7.a5 

1378 

7692 

Gruia, 

a 

2 

58  45.09 

3.824 

137  4i     3.2 

17. i3: 

1379 

7699 

18  Cephei, 

5 

59  22.29 

1.770 

27  36  34.2 

17.34 

i38o 

7700 

17  Cephei, 

i 

5 

59  26.04* 

1.738 

26    6     6.3* 

i7.4« 

i38i 

7706 

24  Pegaai, 

t 

4 

22    0    1.84 

2.788 

65  a3     7.4 

'7-f? 

1 382 

7721 

27  Pegaai, 

ir» 

5 

2  35.11* 

2.655 

57  33  3i.o* 

'7- 

i383 

7723 

26  Pegaai, 

e 

4 

2  37.97* 

3.o33 

84  32  17.3* 

17.53 
17.54 

1 384 

7731 

29  Pegaai, 

ir« 

4 

3  19.76* 

2.658 

57  33  21.8* 

1385 

7746 

Lacertn, 

5 

5  19.65 

2 .304 

39  55     0.6 

17.60 

1 386 

;;s 

21  Cephei, 

c 

4 

5  39.53* 

6  33.93 

2.071 

32  32  12.9* 

17.60 

1387 

Gruia, 

M' 

5 

3.667 

z32     5  39.4 

17.54- 

1388 

7758 

34  Cephei, 

5 

6  54.77 

1.170 

18  23  5o.5 

'^il\ 

1388 

7765 

Lacertae, 

5 

7  26.87 

a.  574 

5i     1  43.4 

17.53I 

1390 

7767 

Tucanae, 

a 

3 

8  10. 83 

4.194 

i5i     0  i4.5 

i7.7«i 

1391 

7773 

43  Aquarii, 

e 

4i 

8  54.85* 

3.175 

98  3i  4i.6* 

17.75; 

1392 

7777 

I  Lacertae, 

5 

9  26.24 

2.6o5 

52  59  47-4 

11-19 

1393 

7778 

23  Cephei, 

e 

4i 

9  3i.i3* 

2.197 

33  42  11.1* 

'7*L* 

1394 

7788 

3o  Pegaai, 

5 

12  54.79 

3.025 

84  57  46.5 

17.88 

1395 

7790 

47  Aquarii,    . 

5 

i3  19.93 

3.319 

113    20  49.7 

17.89 

1396 

7795 

48  Aquarii, 

r 

3 

i3  54.42* 

.3.106 

92    8  88.5* 

17.99 

1397 

7796 

3 1  Pegaai, 

4i 

i4    8.29 

2.955 

78  32  52.7 

17.99 

1398 

7800 

2  Lacertae, 

5 

i4  5o.2a* 

2.465 

44  i3     1.9* 

18.00 

1399 

7808 

Tucane, 

6 

5 

16  35.73 

4.348 

i55  43  41.9 

17-87 

i4oo 

7814 

52  Aquarii, 

ff 

5 

22  17  36.99* 

+3.068 

89  22  55.4* 

-18.10 
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4.TALOOUB    OF 

1500  Stars. 

No. 

LogwHioMor                            11                            LogvUluMor                            1 

a 

5 

c        y         d         \\        a^ 

b' 

c' 

rf' 

i35i 

1 352 

1 353 
i354 
x355 

+Q.O40O 

8.7553 

8.8it8 
8.9295 
8.7386 

-8.9186 
8.6234 
8.6731 

8.7877 
8.6966 

+0.2070 
0.5254 
0.5557 
0.3267 
0.4690 

+8.9925 
—8.2798 
— 8.556X 
+8.8169 
+7.9419 

-9.8635 
—9.3228 
—8.54x6 
—9.8618 
—9.7x75 

—9.8485 
+9.430X 
+9.6522 
-9.7965 
— 9.XX24 

— X.2073 
I . 2078 

I.V02 
X.2XX2 
I.2II3 

-9.7747 
9.7737 
9.7692 
9.7672 
9.7671 

1356 
1 357 
1358 
1 359 
i36o 

8.75a4 
8.7882 
8.7770 
8.7546 
8.8o55 

8.608X 
8.6437 

8.63o8 
8.6o48 
8.655X 

0.4529 
0.4241 
0.4328 
0.5190 

0.5497 

+8.2100 
+8.4607 
+8.4022 
-8.2x56 
-8.5247 

—9.7655 
—9.8x76 
— 9.8052 
-9.395© 
-8.8274 

-9.3674 
—9.5825 
—9.5358 
+9.3728 
+9.63XX 

I.2I2X 
X.2X2X 
1.2x27 
X.2X39 
1.2X42 

9.7655 
9.7655 
9.7643 
9.76x0 
9.76x5 

1 36 1 
1 36a 
i363 

1 364 

1 365 

9.2x60 
9.0455 
9.2404 
8.9187 
8.80x7 

9.0624 
8.8862 
9.0808 
8.7588 
8.6339 

9.9476 
0.2377 
9.8912 
0.3438 
0.4226 

+9-1907 
+8.9849 
+9.2x77 

+8-7939 
+8.4937 

—9.8364 
— 9.85xo 
-9.83o5 
—9.8536 
—9.8x58 

—9.8876 
-9.8542 
—9.8923 
—9.7903 
-9.6096 

1.2162 
I. 2171 
X.2X72 

x.2X7a 
1.2198 

9.7555 
9.7553 
9.7552 
9.7498 

i366 
i367 

1 368 

1 369 
1370 

9.1977 
8.8474 
8-7575 
8.9962 
9.0448 

9.0252 
8.6730 
8.58x9 
8.8101 
8.8579 

o.o335 
0.5627 
o.5x3x 
0.6x71 
0.6354 

+9.X692 
—8.6374 
—8.1488 
—8.9x33 
— 8.98XX 

— 9.829X 
+7.0792 
—9.4532 
+9.3x47 
+9.40x4 

-9.8905 
+9.7096 
+9.3x13 
+9.8402 
+9.8697 

1.2213 

1.2219 

1.2222 
1.2254 
1.2256 

9.7465 
9.7452 
9.7444 
9.737X 
9.7365 

1371 
1372 
1373 
1374 
1375 

8.8xi5 
8.7570 
8.8756 

8.6064 
8.5377 
8.6498 
0.0534 
6.5292 

0.5398 
0.4921 

0.5622 

9.9582 
0.4890 

— 8.686X 
+9.2586 
—7.0209 

—9.0828 
— 9.6XOX 
— 6,903 X 
-9.7909 
—9.6280 

+9.6166 
+8.6332 

+9.7447 
—0.9136 
+8.1970 

I .2809 

1.2348 
1.2365 
X.2365 
1.2376 

9.7286 
9.7x32 
9.7085 
9.7084 
9.7062 

1376 
1377 
1378 
1 379 
i38o 

8.7606 
8.7739 

8.93x0 
9.0948 

9. "74 

8.53o3 
8.5426 

8! 8589 
8.88x3 

0.4799 

o.5xi5 
0.58XX 

0.2520 

o.23o6 

+7.6383 
—8.x  752 
—8.8008 
+9.0423 
+9.0707 

—9.6730 
—9.4660 
+8.9085 
—9.8x04 
—9.8074 

— 8.8i3i 
+9.3371 
+9.8o5i 
—9.8843 
—9.8902 

1.2377 
1.2379 
1.2384 
1.2391 
1.2392 

9.7061 
9.7044 
9.7030 
9.70x0 
9.7008 

i38i 
i383 
1 383 
1384 
i385 

8.8028 
8.8379 
8.7663 
8.8387 
8.9598 

8.564X 
8.5880 
8.5x6x 
8.5855 
8.6976 

0.44x6 
0.4239 
0.4783 
0.4243 
0.3625 

+8.4225 
+8.5674 
+7.7448 
+8.5683 
+8.8446 

— 9.780X 
-9.7988 
—9.6800 
—9.7978 
—9.8x05 

—9.8040 
-7.5563 
—9.7683 
— 9.6021 
+9.3002 

—9.5572 
—9.6698 
—8.9x89 
-9.6707 
—9.8280 

1.2398 
1.2425 
i.24a6 
1.2433 
1.2454 

9.6989 
9.6904 
9 . 6902 
9.6879 
9.68x0 

1386 
i387 
i388 
1389 
1390 

9.0368 
8.8979 
9.2696 
8.8786 
9.0845 

8.7731 
8.630X 
9.0002 
8.6068 
8.8094 

o.3i55 
o.56x6 
0.0669 
o.4o83 
0.6234 

+8.9626 
—8.7242 
+9.3468 
+9.6772 
—9.0264 

-9.8694 
+9.7708 
—9.9221 
—9.7440 
+9.8880 

X.2458 
1.2467 
1.2471 
1.2476 
1.2483 

9.6799 

1:11,11 

9.6786 
9.67x0 

1391 
1392 
1393 
1394 
1395 

8.7756 
8.8690 
0.0272 

t:2^ 

8.7459 

8.479a 
8.6099 

o.5oo2 
o.4i55 
0.3307 

0.4797 
o.52od 

-7.9467 
+8.6485 

+8.9472 
+7.7199 
^8.3890 

—9.5564 
—9.7964 
-9.7969 
-9.6739 
—9.3632 

+9.1180 
—9.7269 
—9.8675 
—8.8943 
+9.5S12 

1.2491 
1.2496 

1.2497 
i.253o 

1.2534 

9*6683 
9.6665 
9.6662 
9.6536 
9.652X 

1396 

'¥ 

1399 
i4oo 

8.7759 
8.7846 
8.9330 
9.1642 
+8.7791 

8.4741 

8.48x6 

8.6268 

8.8495 

^8.4594 

0.4904 
0.4698 
0.39x3 
0.6398 
+0.4864 

-7.3484 
+8.0824 
+8.7884 
—9.1240 

+6.dl20 

—9.6201 
— 9.7108 
9.7924 
+9.3406 
— 9.642 X 

+8.5242 
—9.2498 
-9.8079 
+9.9x40 
-7.9880 

1.2539 
1.254X 
X.2548 
X.2564 
— X.2574 

9.6499 
9.6490 
9.6463 
9.6895 
—9.6355 
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No. 

B.A.C. 

Ma«. 

RlcbC  AaoenskMi, 
Jan.  1,  1850. 

Annnal 
Variatioo. 

NorOi  Polar  Dtet, 
Jan.  ],  1«0. 

Ytriatioa 

i4oi 

7815 

3  liBcerte, 

P 

4^ 

A    m.        «. 
22   17  40.35* 

+2.343 

1      f     '   M 
38  3i  S6.7* 

-17.9a 

i4oa 

7820 

4  Lacerte, 

5 

18  26.49 
20  17.06 

2.416 

4i  t6  57.9 

18.10 

i4o3 

7828 

.  Gruis, 

d» 

4 

3.624 

i34  i5  35.5 

X8.l5 

i4o4 

783o 

Gruis, 

d« 

5 

20  46.75 

3.63a 

i34  So  56.6 

t8.o3 

i4o5 

7882 

55  Aquani, 

C 

4. 

21     6. 37* 

3;o92 

90.47     8.1* 

.    18.27 

i4o6 

7840 

57  Aquarii, 

ff 

5 

29   42.20* 

3.184 

loi  b6  37. S* 

x8.36 

1407 

7841 

Tucantt, 

V 

5 

22   47.98 

4.tt8 

i58  45    4.1 

•   18.16 

i4o8 

7842 

17  PisciBAost, 

p 

4 

98    57.92* 

23  18.85 

3.437 

123     6  5o.6* 

18.26 

1409 

7845 

5  Lacertc, 

5 

2.5o3 

43     3  S3 .9 
3a  81     5.3* 

i8.3i 

i4io 

7848 

27  Cephei, 

6 

4i 

83  36. 6o* 

4-2.213 

i8.3o 

i4ii 

785 1 

Urse  Minomi 

5i 

s4  30.09* 

-3.501 

4  38  59.3* 

18.35 

l4l2 

7855 

7  Lacertae, 

a 

4 

a5     7.35* 

+2.457 

4o  89  i4.4^ 
II  58  4i.8 

18.35 

x4i3 

7857 

28  Cephei, 

5i 

25  31.26 

0-537 

i8.36 

i4i4 

7864 

59  Ajquarii, 

V 

5 

26  28.91 

3.296 
3.087 

III  88  a6.5 

i8.3i 

i4i5 

7868 

62  Aquahi, 

n 

4. 

87  38.77* 

90  53  so. 3* 

18.40 

i4i6 

7886 

OetantiB, 

p 

5 

30    21.23 

6^688 

178     9  53.6 
17     8     4.8* 

16.53 

1417 

7896 

3 1  Cephei, 

5 

32     3.90* 

1.486 

18.66 

i4i8 

7898 

18  PisciaAust, 

• 

4 

38. 21. 01* 

3.338 

117  49  87.6* 

18.59 

1419 

7902 

3o  Cephei, 

5 

33  20. 56* 

2.114 

97  XI  39.3* 

18.62 

1420 

7904 

Gruis, 

P 

3 

33  4i-28 

3.626 

137  4o    S.8 

18.60 

1421 

7908 

42  Pegaai, 

f 

3 

S3  58.89* 

2.990 
2.809 
2 .806 

79  67    0.3* 

18.68 

l422 

7914 

43  Pegaai, 

0 

5 

34  43.24* 

61  88  35.6* 

.  18.67 

1423 

7923 

44  Pegaai, 

n 

3 

35  58.57* 

60  83  43.0* 

18.71 

1424 

7925 

Gruia, 

f 

5 

36  23. 5o 

3.731 

i44  %7  18.3 

18.48 

i425 

7943 

46  Pegaai, 

f 

5 

39  12.02 

3.99a 

78  35  38.4 

X8.39 

1426 

7945 

47  Pegaai, 

X 

4* 

39,18.66 

2.883 

67  i3  19.4 

.  i8.85 

1427 

7946 

Gruia, 

t 

4 

39  28.04 

3.666 

i48    6  14.5 

i8.83 

1428 

7958 

48  Pegaai, 

A* 

4 

42  46. 10* 

2.888 

66  II  30. 8* 

X8.91 

1429 

7961 

Cephei, 

5 

43  34.66 

2.443 

34  63  3i.3 

;  18.95 

i43o 

7966 

22  PiaciaAnat, 

7 

5 

44  10.71 

3.361 

laS  4o  x4.8* 

',  19.0a 

i43i 

7967 

32  Cephei, 

1 

4 

44  21.28* 

8.1l4 

84  35  i5.6* 

.  18.85 

i432 

7970 

73  Aquarii, 

X 

4 

-44  47.10* 

S.I33 

98    82    34.8* 

19.05 

1433 

7973 

Cephei, 

5 

45  31.53 

2.3o4 

89    5  59.3 

19.08 

1434 

7980 

76  Aquarii, 

6 

3 

46  40.95* 

47  55.54* 

+3.195 

106  37     1.4* 

19.06 

1435 

7990 

Cephei, 

5^ 

— 0.006 

7  38  3a.o* 

19.14 

i436 

7992 

24  Piacia  Auat< 

a 

I 

49  21. o3* 

+3.335 

tao  «4  57,1* 

.   18.96 

1437 

8008 

Gruia, 

C 

5 

52     0.19 

+3.610 

i43  33  82.8 

19.27 

i438 

8023 

I  Andromeds, 

0 

4 

65     I . 79* 

+2.745 

48  88  44.3* 

19.28 

1439 

8026 

Cephei, 

5^ 

55  25.07 

— o.i46 

6  87  a3.7 

19.31 

i44o 

do3x 

4  Pisciwn, 

P 

5 

56  14.67* 

+3.057 

86  59  II. 3* 

19.28 

i44i 

8o32 

53  Pegaai, 

P 

2 

56  30.53* 

2.898 

68  4*46.8* 

19.46 

1442 

8o34 

54  Pegaai, 

a 

2 

57  17.51* 

a.  985 

75  36    a.8» 

19.32 

1443 

8039 

Cephei, 

5 

57  50.89 

2.25l 

23  35  55.8 

.    19.35 

1444 

8043 

Gruia, 

$ 

5 

58  24.79 

59  27.03 

3.414 

i34  'I9  43.8 
81  -83  58.4 

19.28 

1445 

do5i 

55  Pegaai, 

5 

3.021 

19.37 

i446 

8o52 

56  Pegaai, 

4^ 

59  48.85 

2.916 

65  so  85. 0 

19.37 

i447 

8062 

88  Aquarii, 

c« 

4i 

23     I  26.57 

3.212 

III  69    6.2 

19. 48 

i448 

8067 

Gruia, 

i 

5 

I  50.78 

3.4i^ 

i36    3  83.8 

19.70 

1449 

8069 

89  Aquarii, 

c» 

5 

I  53.85 

3.219 

Ii3  16     7.2 

19.46 

i45o 

8074 

33  Cephei, 

IT 

5 

23     3     8.53* 

+  1.88% 

l5    25    83.x* 

-rl9.39 
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No. 

LoCvitluMor 

to8iirithin.or 

a 

6 

c 

d 

a' 

b^ 

c' 

rf' 

i4oi 

l403 

i4o3 
i4o4 
i4o5 

+6.9847 
8.9604 
8.9364 
8.9388 
8.7893 

-*8.6649 
8.6367 
8,5937 
8.5936 
8.4454 

+0.3703 
0.3834 
0.5587 
0.5590 

.    0.4883 

+6.8783 
+8.8863 
—^.7703 
-8.7745 
-^6.9193 

—9.7841 
-9.7843 
—8. 330 1 
—8.1847 
— i9.63i7 

—9.8486 
-9.83x8 
+9.8or3 
+9.8037 
+8,0953 

-^1*3674 
i.358x 
1.2598 
1.2602 
1.2605 

—9,6353 
9.6333 
9.6348 
9.6338 
9.6314 

i4o6 
1 407 
i4o8 
1409 
i4io 

8.7933 
9.1339 
8.8607 
8.9498 
9.0559 

8.4474 
8.7776 
8.5i46 
8.6019 
.8.7064 

o*5o37 
0.6169 

:    o;5353 
0.3953 

+0.3443 

—8.0898 

-T-9:.07l8 

—8.5983 
+8.8135 
+8.9696 

-9.5361 
+9.3333 
-9.1433 
-9.7749 
— 9.761S 

+9.3573 
+9.9086 
+9.6973 
-9.8339 
—9.8871 

1.26x9 
I. 2619 
1.262X 
Z.2634 
1.2636 

9.6148 
9.6x44 
9,6137 
9.6x33 
9.6XX0 

t4ii 

l4l9 

i4i3 
i4i4 
i4i5 

9.8763 
8.9731 
9.4688 
8.8179 
8.7877 

0.5819 
8.6160 

8.4174 

**o.5535 

+0^3875 

9.7370 

o^5i58 

0.4884 

+9.8747 
+8.8543 
+9  •4693 
-8.381 5 
'-6^.9785 

—9.6419 
—9.7698 
—9.6831 
—9.4135 
— 9.63i9 

-9.0598 
—9.8438 
—9.9534 
+9.5364 
+8.I546 

1.3634 
1^2639 
1.3643 
z.265o 
1*2660 

9.6069 
9.6045 
9 . 6038 
9.5986 
9.5934 

t4i6 

1417 
i4i8 

1419 
1 4^0 

9.6553 
9.3319 

8.8447 
9.1333 

8.9641 

9.3706 
8.9880 
8.449a 
8.7313 
8.56t9 

ov83o9 
o.i6o5 
o.533o 
o;3343 
0.5576 

— 9i65t3 

+9.3o33 

— 8.5i38 
+9io8i3 
—8.8388 

+9.5o3i 
—9.6863 
—9.3314 
— 9.7316 
— 8.307& 

+9.9618 
—9.9475 
+9.6365 
—9.9173 
+9.8373 

I. 2681 
1.2694 
1.2697 
1.2704 
1.2707 

9.58x3 
9.5733 
9.5719 
9.5673 
9.5656 

143 1 
149a 
i423 
1434 
1435 

8.8541 
9.0383 
8.80S0 

8.3948 
8.4407 
8.4384 
8.610J 
8.3708 

0,474a 
0.4483 

o;44Ta 
0^5733 
0.4739 

+8.o4xi 
+8.5884 
+8.5456 
-8.9377 
+8.1011 

-^9.6914 
—9.7442 

—9.6935 

—9.3105 
—9.6488 
—9.6617 
+9.8800 
—9.3686 

I ^2709 
1.27x4 
1.2734 
1-2737 
1*2747 

9.5642 
9.5606 
9.5544 
9.5524. 
9. 5383 

1436 
1437 
1438 
1439 
i43o 

8.8317 
9.0083 
8.8374 
9.0419 
^.8794 

8.3968 
8.5734 
8.3819 
8.58i4 
8.4i53 

0.4589 
0.5637 
0.4587 
0.3879 
0.536a 

+8i4i96 
—8.9054 
+8'.4435 
+8.9558 
-8.6333 

—9.737a 
+  7.6990 

-9-7247 
-9.7133 
—9.3579 

— 9.56o4 
+9.8698 
-9.5809 
—9.8893 
+9.7x96 

I .3747 
1.2748 
I. 2771 
1.2776 
I ^2780 

9.5376 
9.5368 
9.5x94 
9.5x5o 
9.5117 

i43i 
1433 
1433 
1434 
1435 

cl.t8o6 
8.8048 
0.1136 
8^8198 
^.6783 

8.7154 
8.3369 
8.64x1 
8.3400 
9.1905 

0.3371 

0.4961 

0.3624 

+o.5o46 

«-8;o683 

+9;o55o 

^«-d.3763 

+9-6744 

-9.6770 
-9.5834 
9.6903 

— 9.5i3i 
-9.56i5 

-9.9346 
+9.1396 
— 9.9x81 
+9.4337 
-9.9743 

1.278X 

1.2784 

X.2789 

.    1.2796 

-iv28o4 

9.5x07 
9.5o83 
9.5043 
9.4976 
9.4904 

i436 
1437 
x438 
1439 
,440 

8.8678 
9.0307 

^   8.8075 

8.3703 
8.5i6o 
8.3963 
0.3171 
8.3633 

+o;5i97 
+o.556a 
+0.4377 
— 9;33i6 
+0.4845 

—8.5716 
-^8.9363 
+8.7534 
+9.7537 
+7.5383 

—9.3436 
-8.3541 
—9.7078 
—9.5130 
— 9,65ii 

+9.6834 
+9.8861 
— 9.8o38 
-0.9798 
—8.7037 

1.28x3 
X.2828 
1.2845 
X.2847 

1.2852 

9.4830 

9.4659 
9.4467 
9.444a 
9.4387 

i44i 
1448 
1443 
1444 
,445 

8.8583 
8.8813 
9.3053 
8.9535 
8.8i35 

8.3I3I 
8.3695 
8.6494 
8.3935 
8.3457 

0.4597 
0.4739 
0.3533 
0.5337 
0.4797 

+8.5193 
+8.3170 
+9.1674 
-58.7979 
+7.9883 

—9.7084 
—9.6880 
—9,6334 
—9.0966 
—9.6704 

-9.644a 
—9.3793 

+9.8885 
-9.1594 

1.2853 
1.2858 
X.286X 
1.2864 
1.2869 

9.4370 

9.4317 
9.4379 
9.4341 
9.4169 

,446 
1447 
1448 

i449 
i45o 

8.85o3 
8.8434 
8.9685 
8.8466 
+9.3856 

8 ! 3594 

8.3833 

8.3601 

—8.7893 

o.464x 
o.5o6t 
0.5339 
0.5073 
+0.3743 

+8.4707 
— a.4i57 
—8.8358 
—8.4433 
+9.3697 

^9.7013 
—9.4883 
—9.0810 
-9.4765 
—9.5467 

— 9.6053 
+9.5590 
+9.8433 
+9.5885 
—9.9706 

.1.287X 
1.2879 
Z.2881 
1.2881 
-1.2887 

9.4143 
9.4027 
9.3997 
9.3994 
—9.3903 
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No. 

B.A.C. 

Mag. 

Ju.  1,1690.   ' 

AnniMl 
VwiatkHi. 

North  PotarI>tac«,     Aunt 
Jul  1,  1900.         Venation 

i45i 

8082 

7  Andromedsi 

5 

A     m.       «. 

23    5  41.49* 

9, 
+a.7a4 

4i  34  44.8 

•—10.58 

i45a 

8o85 

90  Aquarii, 

^ 

5 

6  33.I4* 

3.114 

06  5i   84.I 
Ida  47  5i.9 

•       19.35 

i453 

8093 

TucaiuBy 

5 

7  47.3a 

3.4a3 

as.39 

i454 

8098 

Tucaiue, 

r 

4 

8  38.54 

3.554 

x49     3  s8.3 

19.55 

i455 

8io5 

6  Piscium, 

r 

4i 

9  33.36* 

3. no 

87  3a   II  .1* 

»       19.61 

i456 

8109 
8ii3 

93  Aquarii, 

f» 

5 

10    6.54 

3.ia8 

100     0     8.8*       19.56 

1457 

Sculptoris, 

7 

5 

10  4a. 66* 

3.260 

183  80  54-9*       19.52J 

i458 

8ii4 

8  Andromedsy 

5 

10  48.22» 

8.756 

4i  48   i3.4*       19.61 

1459 

8zi6 

95  Aquarii, 

r 

5 

II     9.27* 
i3  i3.i8» 

3.ia8 

100  a5  47.9*       19.63I 

i46o 

8i3i 

62  Pegaai, 

T 

5 

8.961 

67    4  47. ?• 

19.65 

i46i 

8144 

98  Aquarii, 

b^ 

5 

i5    5.29 

3.163 

no  55     5.3 

19.60. 

1462 

8160 

68  Pegaai, 

V 

5 

17  53.9I* 

a.  986 

67  35  i5.4* 

19.79 

i463 

8161 

99  Aquarii, 

4« 

5 

18    9.77 

3.163 

III  37  46. s 

19.70 

i464 

816a 

.    4  Caasiopes, 

5 

18  ii.o5« 

20   81. 6l* 

8.687 

88  3a  84.4* 

19.74 

x465 

8177 

10  PiBcium, 

e 

5 

3.o4a 

84  86  4o.o* 

19.73 

x466 

8180 

Cephei, 

5 

SO  57.42* 

8.463 

ao  87  54.1* 

19.77 

1467 

8z8a 

70  Pegaai, 

q 

5 

81  34.84 

3.oa8 

78     3  57.3 

19.83 

i468 

8188 

Caasiopes, 

5 

a3     7.67* 

8.747 

38  16  4o.8* 

19.83 

1469 

8201 

Sculptoria, 

P 

5 

b4  54.82 

3.238 

xa8  38  5o.6 

19.73 

1470 

8ao2 

lox  Aquarii, 

b* 

5 

a5  85.38 

3.152 

ixx  44  33.5 

19.87 

1471 

8210 

Phcenicis, 

( 

5 

86  5o.8i 

87  48.99* 
3o  14.43* 

3.247 

i33  s6  38.6 

19.70 

1472 

8213 

Uraae  Minoria, 

5i 

0.073 

3  3x    IX. 8* 

19.66 

1473 

8224 

16  Andromede, 

X 

4i 

2.912 

44  ax   i5.3* 

19.50 

1474 

8229 

17  Andromeds, 

i 

4 

3o  47.57* 

8.918 

47  33  48.7* 

19.94 

1475 

8232 

Z02  Aquarii, 

«» 

5 

3a    o.i3 

3.X19 

io5     3     4.1 

19.69 

1476 

8833 

17  Piacium, 

i 

4i 

38  14.34* 

3.118 

85  11   X0.7* 

19.47 

1477 

8237 

19  Andromeds, 

« 

4i 

33     1.99* 

8.937 
8.391 

46  89  44.8* 

19.94 

1478 

8238 

35  Cephei, 

7 

3 

33  14.08* 

x3  13  16. 6* 

20.09 

U79 

8240 

xo3  Aquarii, 

A» 

5 

33  47.6a 

3.123 

X08  5x   18.8 

to. 67 

i48o 

8242 

io4  Aquarii, 

A« 

5 

33  58.44 

3.126 

108  38  5o.5 

r         1 

SO. 00 

i48i 

8243 

18  Piacium, 

X 

5 

34  83.55* 

3.064 

89     8  4a.4* 

19.80 

1482 

8255 

106  Aquarii, 

i» 

5 

36  85.17 

3.123 

X09     6  3x.3 

19.96 

i483 

8256 

78  Pegaai. 

20  Andromeds, 

5 

36  37.33 

3.106 

61  88     5.6 

19.96 

i484 

8261 

V' 

5 

38  36.99* 

2.948 
8.891 

44  84  44.3* 

10.96 

i485 

8268 

5  Caaaiopee, 

T 

5 

39  44.77* 

38    II       0.8* 

20. o4 

i486 

8273 

Cephei, 

5 

4o  46.33 

8.8i3 

83     I   34.8 

19.99 

19.89 

1487 

8275 

Sculptoria, 

6 

5 

4i     6.39* 

3.x4i 

X18  57  33.4* 

i488 

8290 

Octantia, 

Y' 

5 

43     5.70 

3.715 

175  5i     9.9 

19.98 

1489 

83i4 

Cephei, 

5 

47  35.90 

a. 852 

16  85  84.9 

20.14 

1490 

83i9 

Octantia, 

7' 

5 

49    8.a3 

3.474 

173     0  18.4 

19.79 

1491 

8323 

Tucans, 

n 

5 

49  39.75 

3.170 

x55     7  5o.5 

ao.ii 

149a 

8328 

27  Piacium, 

5 

5o  59.58* 

3.078 

94  a3  x8.o* 
83  58     X.8* 

19.93 

1493 

833i 

28  Piacium, 

0 

4i 

5i  36.63* 

3.080 

19.96 

1494 

8334 

Tucans, 

t 

5 

5a    4.39 

3.179 

x56  84  43.x 

19. 94 

1495 

8344 

Caaaiopee, 

5 

53  59.60* 

3.009 

89  36  44.6* 

8o.o4 

1496 

8346 

29  Piacium, 

5 

54    8.17* 

3.075 

93  5i  44.5* 

ao.07 

1497 

8349 

3o  Piacium, 

4i 

54  15.96* 

3.08a 

96  5o  58. 0* 

ao.o3 

1498 

8358 

2  Ceti, 

4 

56     3.12* 

3.08a 

X08  10  14.9* 

30.07 

1499 

8366 

Caaaiopee, 

5 

57  23. oo* 

3.044 

89  3i   17.8* 

ao.o5 

i5oo 

8368 

33  Piacium, 

5 

23  57  39.39* 

+3.076 

96  38  48.7* 

—30. 10 
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c 

A.TALOOUB    OF 

1600   Stars. 

No. 

Logtflthmaor 

a 

b 

e 

d 

a' 

y 

c' 

df 

i45i 
i452 
i453 
i454 
i455 

+8.0911 
8.8i5x 
9.x525 
9.1018 
8.8i36 

—8.3740 
8.1908 
8.5177 
8.4596 

8.1648 

+0.4337 
0.4925 
0.5633 

0.5522 

0.4854 

+8.8661 
-7.8921 
— 9.1016 
—9.0351 
+7.4471 

-9.6658 
— 9.6o56 
+7.3979 
— 8.5ii9 
9.6464 

-9.8627 
+9.o65o 
+9.9377 
+9.9223 
—8.6228 

—1.2899 
1.2903 
I . 2909 
1.29x2 
1.2915 

—9.3706 

9.3638 
9.3538 
9.3468 
9.3405 

i456 
1457 
i458 
1459 
i46o 

8.8202 
8.8919 

8.85o5 

8.i65o 

8.23l2 

8.3285 
8.1565 
8.1665 

0.4944 
o.5i3o 
0.4397 
0.4945 
0.4707 

—8.0599 
—8.6321 
+8.8624 
— 8.0790 
+8.4410 

9.59x0 
9.3895 
9.65x4 
9.5894 
9.6800 

+9.2294 
+9.7300 
—9.8623 
+9.a478 
— 9.58i3 

I. 2919 
1.2921 
I. 2921 
X.2923 
1.2931 

9.3344 
9.3292 
9.3284 
9.3253 
9.3069 

i46i 
1462 
i463 
i464 
x465 

8.8451 
8.8512 
8.8478 
9.1374 
8.8194 

8.1429 
8.1202 
8.ii4x 
8.4o33 
8.0617 

o.5oii 
0.4726 
o.5oo5 
0.4191 
0.4840 

—8.3978 
+8.4355 
— 8.4112 
+9.0812 
+7.8054 

9.5262 
9.6728 
9.5283 
9.5643 
9.65x9 

+9.5443 
-9.5769 
+9.556X 
-9.9865 
—8.9794 

1.2938 
1.2949 
1.2949 
1.2950 
1.2957 

9.2894 
9.2617 
9*25oo 
9.2587 
9.2358 

i466 
1467 
i468 
1469 
1470 

9.2740 
8.8273 
9.0907 
8 . 9262 
8.d5io 

8.5096 
8.0558 
8.3oio 
8.1x45 
8.0329 

0.3915 
o.48o5 
0.4364 
0.5097 
0.4984 

+9.2457 
+8.1428 
+9.0178 
-8.7217 
—8.4197 

9.4921 
9.66x9 
9.5648 
9.3869 
9.5408 

-9.9654 
—9.3094 
—9.92x5 

1.2959 
1.2961 
I . 2966 
1.2971 
1.2973 

9.2293 
9.2224 
9.2047 
9.X833 
9.X770 

1471 
147a 
1473 
1474 
1475 

8.9584 
o.o3i5 
8.9757 
8.0523 

8.8358 

8.X20O 
0.l82?» 

8. 0917 
8.0600 
7 -9849 

0.5l22 
8.3892 

o.46i4 
0.4647 
0.4934 

—8.7958 
+o.o3o6 
+8.8300 
+8.7815 
— 8.25o3 

9.3353 
9.2214 

9.6086 

9.5883 

+9.8329 
—9.9049 
—9.8507 
—9.8256 
+9.4112 

1.2977 
1.2979 
1.2986 
1.2987 
1 . 2990 

9.1570 
9.1466 
9.1123 
9.xo4x 
9.0859 

1476 
1477 
1478 

i48o 

8.8223 
8.9604 
9.4622 
8.8450 
8.8445 

8.o33i 
8.53i6 
7.9o5i 
7.9016 

0.4853 
0.4656 
o.38i4 
0.4945 
0.4944 

+7-7461 
+8.7982 
+9.45o5 
-8.3545 
-8.3493 

9.6450 
9.5973 
9.3274 
9.5726 
9.5740 

—8.9207 
—9.8348 
-9.0854 
+9.5066 
+9.5020 

1.2990 
1.2992 
1.2993 
1.2994 
1-2994 

9.0823 

9.0664 
9.0573 
9.0543 

i48i 
1482 
i483 
i484 
i485 

8.82x3 
8.8462 
8.8778 
8.9770 
9.0958 

7.8712 
7.8601 
7.8911 
7.9482 
8.0433 

0.4869 
0.4939 
0.4766 
0.4689 
0.4599 

+7.0434 
—8.36x3 
+8.5569 
+8.8300 
+9.0233 

9.6393 
9.5758 
9.6338 
9.5686 
9.4854 

—8.2194 
+9.5127 
—9.6768 
— 9.8520 
-9.9259 

1.2995 
1.2999 
1.2999 
i.3oo3 
I . 3oo5 

9.047a 
9.01x6 
9.0109 
8.9692 
8.9458 

i486 
1487 
i488 
x488 
1490 

9.23oo 

8.8804 
9.7278 
9.3719 
9.7378 

8.1548 
7.7975 
8.5965 
8.1056 
8.4139 

0.4482 
0.4958 
0.5862 
o.45ii 
0.5547 

tlltit 

—9.7245 
+9.3538 
—9.7346 

9.3924 
— o.53i2 
+8.2810 
—9.2420 

7.7709 

—9.9624 
+9.6835 
+9.9954 
—9.9813 
+9.9963 

X . 3007 
1 . 3007 
i.3oio 
i.3oi6 
I. 3017 

8.9239 
8.9x56 
8.8674 
8.7331 
8.6756 

U91 
1492 
1493 
1494 
1495 

8.8249 
8.8260 
9.2ii4 
9.1299 

7.8542 
7.4194 
7.3897 
7.7605 
7.5487 

o.5o53 
0.4878 
0.4865 

0.5020 

0.4784 

—9.1574 
—7.7086 

+7.8477 
-9.1835 
+9.0691 

9.i5ix 
9.6332 
9.6389 
9.X523 
9.3751 

—9.0213 
+9.9619 
-9.9391 

l.3oi8 
1.3019 
1.3019 

I . 3020 
1.302I 

8.6541 
8.5942 
8.5634 
8.5388 
8.4186 

1496 

1498 

1499 
i5oo 

8.8248 
8.8269 
8.8461 
9.i3i3 
+8.8267 

7.2327 
7.2250 
7.0822 
7.1898 
-6.8360 

0.4876 
0.4878 

0.4883 

0.4834 

+0.4875 

—7.6532 
—7.9033 
—8.3400 
+9.0709 
—7.8837 

9.6348 
9.63i3 
9.6095 
9.3499 
-9.6334 

+8.8283 
+9.0763 

+9.4939 
-9.9396 
+9.0570 

1.3021 
1.302I 
1 . 3022 
1 . 3022 
— 1.3022 

8.4078 
8.3980 
8.2360 
8.0585 
-8.0091 
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Star. 

Sec.  Var. 

Sur. 

SecVar. 

istar. 

8«a.  Tar.      Star.  1 

Sw.Var. 

Star. 

SecVar. 

3 

+   0.0488 

2X3 

9 
+0.0729 

63i 

— o.iao3 

827 

+  o.54i3 

1235 

s. 

—  'o.x6z4 

5 

—  o.aaia 

2x9 

225 

4-O.Z047 

63a 

— o.a38o 

829 

+  0.9674 

11160 

—  0.0962 

9 

—  o.o587 

+o.o4o4 

64o 

—0.0693 

83i 

+  0.47x4.  [laSS 

—  o.o35a 

10 

—  0.0709 

228 

+0.O355 

645 

— o.o36x 

^838 

+  0.0435 

X37X 

— •9.3aoo 

-  la 

—  0.0951 

23l 

4-0.0352 

648 

-0.0735 

844 

4-  o.o4»x 

X37a 

—  o.o6o3 

i6 

+  0.0467 

235 

4-0.0376 

653 

^o.n6i 

845 

+  o.o4a4 

X373 

^-  0.X670 

;  i8 

4-  0.0673 

272 

4-o.o4o5 

654 

— 0.1470 

848 

4-  o.o53z 

1364 

—  o.o4ii 

19 

— !    0*0475 

277 

4-O.0703 

656 

—0.0670 

85o 

+  0.037a 

X28a 

O.X805 

20 

—  0.0475 

288 

+0.0977 

663 

—0.0917 

852 

+  0.0498 

1390 

—  o.»x7z 

2Z 

^^  0.0469 

289 

-H.o4ai 

664 

— 0.0386 

853 

+    0.I302 

X394 

—  0.1449 

23 

-h  0.0468 

293 

+0.0372 

668 

— 0.0653 

855 

4-   0.0860 

X398 

—  -0.3856 

27 

4-  0.0529 

3oo 

+0.2235 

67X 

— o«o848 

856 

+   0.0660 

X399 

— 33.6920 

28 

—  0.0384 

3o3 

4-0.0668 

675 

—0.0390 

857 

4-  0.4Z95 

x3o8 

—  0.0746 

3i 

4-  0.0370 

33i 

+0.0833 

69a 

—0.0579 

858 

tl:'<^ 

x3io 

—  O.3630 

38 

4-  o.o58i 

4o5 

—0.0864 

694 

— 0.1159 
+o.o4x8 

859 

x3i5 

—  o.5i36 

39 

4-0.0439 

4xx 

-1.4765 

698 

874 

+  0.0387 

x3i6 

^  o.3o64 

:43 

4-  o.o4i2 

422 

— o.o366 

703 

— o.o38i 

878 

+  0.0376 

1 328 

—  -0. 1722 

44 

-|r    0.0686 

424 

—0.0434 

7o5 

+o.o53a 

879 

+  o.o36j[ 

x334 

—  ..o.iaai 

46 

4-  Z.2222 

425 

— o.io54 

710 

— 0.0458 

880 

+  0.Z009 
+  0.0436 

1337 

—  O.0658 

5i 

4-  o.o36o 

447 

— o.45ao 

711 

+O.II54 

882 

i34l 

^  O.036S 

53 

4-  o.o4o8 

452 

—0.0375 

714 

+0.0601 

889 

+  o^o4o3 

x346 

—  0.3683 

57 

-f  0.0565 

463 

— o.o366 

7x5 

+o,o356 

892 

4-  0.7365 

x36i 

—  0.0354 

60 

-fii.4276 

47X 

—0.0812 

7x8 

+0.0385 

893 

+  o.o46i 

x363 

—  0.0426 

64 

+  0.0396 

495 

—0.3909 

7x9 

— o.i3i9 

894 

+  0.0535 

,x369 

<—  0.0682 

65 

4-  0.1173 

498 

— o.o64x 

720 

+6.o5oo 

895 

+  OU385 

1370 

—  0.0837 

66 

4-  0.0748 

6x1 

—0.0423 

721 

— 0.O448 

89<5 

+  0.0735. 

137S 

^  0.0356 

73 

4-  0.0399 

5X2 

— o.ii85 

727 

+0.1  73b 

897 

+  O.Q438 

x374 

—  0,0389 

74 

4-  0.1390 

521 

— 0.0392 

728 

+o.o64a 

903 

+  o.a435 

X378 

—  0.0476 

75 

4-0.0426 

523 

— 0.0649 

732 

+Q.0558 

905 

+  0.0379 

.x387 

—  o.o38i 

81 

4-  0.0462 

5a5 

— o.oSos 

735 

+O.o65a 

907 

+  0.07M 

Z390 

—  0.0860 

86 

4-  o.o5o8 

529 

— 0.0770 

736 

+o.o65i 

9x0 

4-  0.0739 

4*  o.iiiS 

1399 

—  o.iz49 

9a 

4-  0.0968 

532 

— o.xo4i 

740 

+Q.0389 

9x3 

x4o3 

—  o.o4o6 

lOI 

4-  0.1606 

533 

— O.I458 

743 

+o.o5i6 

924 

+  0.0357 

i4o4 

—  o.o4ix 

io3 

4-  o.i83o 

534 

— 0.0799 

744 

4-0. 1133 

939 

4-  0.X913 

1 407 

—  0.0945 

108 

4-  0.0374 

536 

—Q.I  623 

748 

^o.o583 

934 

+  O.I344 

x4xx 

—     I. 1224 

117 

+  0.0664 

537 

— o.zood 

75o 

+0.0961 

938 

+  o.o85a 

i4i3 

0.0879 

X18 

4-  0.1288 

555 

—0.2169 

75i 

+0.0383 

95i 

4-  &.3oi5 

i4i6 

—    0.6890 

127 

4-  0.0491 

557 

—0.0459 

754 

4-0.0395 

967 

4*  0.0789 

i4ao 

—  0.0456 

i37 

4-  0.0660 

558 

— o.t376 

757 

4-0.0961 

973 

4-  o.o38i 

1424 

—  0.0699 

i43 

4-  o.o568 

56o 

— 0.0358 

758 

4-o,o688 

975 

+  0.0369 

1437 

—  .o.o54oi 

i5o 

+  0.0579 
4-  0.0675 

563 

-0.0448 

760 

+0.7414 

977 

+  0.33x8 

x43S 

—  0.8x70 

i5i 

563 

— o.i3i7 

762 

+0.0579 

981 

+  0.1334 

x437 

—  o.o556 

1 58 

4-  0.0482 

566 

— o.i35o 

766 

+o.33i4 

997 

4-  0,3495 
4-  o.iiSz. 

x439 

—  0.8933 

160 

4-  0.0395 

567 

— o.o55i 

768 

4-o.a32i 

998 

x444 

--  0.0S78 

i6a 

4-  0.0708 

568 

—0.1049 

771 

4-o,i328 

1006 

4-  0.0933 

4-  o.o38z. 

x448 

— r    O.0400 

166 

4-  0.1108 

572 

— 0.0928 

775 

4-0 '0450 

1009 

x453 

-r  ^.08lX 

171 

4-  0.2783 

574 

— o.o632 

783 

+0.O355 

iQr3 

4-  o.o54x. 

.x454 

-r  0.0671 

172 

4-  0.0470 

575 

— 0.0627 

786 

4-o.iio5 

ioi4 

+    0«093tt. 

•  x464 

+  .0.0359 

+    0.0455 

176 

4-  0.0762 

58i 

— 0.0372 

794 

+  X.3966 

Z018 

4-  0.0453 

i466 

177 

4-  0.0717 

586 

— o.8i53 

801 

4-o.o567 

zo45 

4-  o.a938 

x47« 

--   0.4747 

178 

4-  0.0599 

589 

— o.io52 

8o5 

+0.0526 

-io5z 

+  0.0543  1  Z478 

+   0.0703 

ido 

4-  0.1967 

592 

—0.1730 

807 

4-o.o36o 

Z083 

+3Z.x44i 

x485 

+  o.o4o4 

i8z 

4-  0.0426 

593 

—0.0578 

808 

4-0.037I 

Z143 

—  0.6x57 

x486 

+  0.0569 

1 83 

4-  0.0421 

6o5 

—0,1100 

8i4 

+o.o45o 

Jx49 

—  0.037Z 

x488 

-  0.3599 

188 

4-  o.o4o4 

608 

—0.0839 

817 

4-0. 0369 

1x63 

—  o.o4i8 

X489 

+  0.0843 

189 

4-  0.0886 

610 

— o.o653 

818 

4-0. 0409 

1Z75 

—  0.0459 

X490 

—  0.3354 

190 

4-  0.1602 

622 

— 1.7282 

820 

+o.a86o 

"77 

— .  0.0587 

X491 

—  0.0704 

193 

4-    O.IOII 

623 

—0.1 180 

831 

+0.0424 

1309 

-r^    0.0359. 

x494 

—  0.0735 

210 

4-  0.0832 

624 

— o.o4o4 

833 

+0.0^30 

I3IO 

■^    O.O6OD 

x495 

+  o.o5oz 

2T2 

4-  o.5ri2 

63o 

—0,9968 

834 

+0.0358 

1233 

—  o.o4oo  1  1499 

+  >e.o5z7 

Tablb.  XXXII. 
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Secular  Varialum  of  the  Annual  Preeesnan  in  North  Polar  Distance. 


8car.{  SecVar. 

Sur. 

See.Var. 

sur. 

'■  S«J.Var. 

jSiar. 

SecVar. 

star. 

SecVar. 

star. 

See.  Var. 

60 

+0.713 

297 

+0.479 

4x3 

+0.62X 

592 

+o.5ix 

1028 

—  o.58o 

Ii33 

—0.457 

i5o 

o.43o 

•98 

0.587 

4x5 

o,5ox 

622 

+0.7x3 

1029 

o.58i 

xi34 

0.580 

i5i 

0.447 

3oo 

1.367 

4i8 

0.632 

63o 

+0.544 

xo32 

0.683 

XI 06 

0.648 

166 

0.549  H3€>5 

0.483 

42X 

0.533 

827 

— o.5o8 

xo33 

0.443 

xx37 

0.67X 

172 

0.462    3g8 

0.579 

422 

0.907 

829 

—0.646 

xo36 

0.659 

1x38 

0.817 

176 

0.529    3io 

0.444 

423 

0.486 

83 1 

— o.5xx 

io38 

0.664 

xx4o 

0.539 
0.646 

177 

0.523  JaiB 

o.6a5 

424 

0.938 

857 

—0.622 

xo4o 

o.55i 

xi4i 

.78 

o.5o3 

3i3 

0.553 
o.5o2 
o.45o 

425 

1.273 

892 

+0.496 

,044 

—  o.6o4 

1X42 

—0.497 

181 

0.468 

3i7 

427 

0.469 

894 

-0.443 

xo45 

+  0.9x3 

1x43 

+2.807 

183 

0.481 

322 

428 

o.45o 

895 

0.577 

xo46 

-  0.484 

ii44 

— 0.645 

188 

0.493 

324 

0 .  542 

429 

0.611 

896 

0.490 

io5o 

0.527 

ii46 

0.622 

189 

o.6o3 

325 

0.432 

43i 

0.568 

892 
9o3 

0.441 

io5x 

0.883 

1149 

1.022 

190 

0.725 

326 

o.46x 

433 

0.747 

0.449 

io55 

0.438 

ii5i 

0.855 

191 

0.440 

327 

0.569 

443 

o.5o5 

905 

0.438 

xo58 

o.5xo 

ii53 

0.856 

192 

0.476 

328 

o.5i6 

447 

1.852 

9x3 

0.607 

1059 

0.480 

1x54 

0.474 

193 

0.636 

329 

o.45o 

449 

0.582 

914 

o.45x 

io6x 

0.718 

1x55 

0.540 

2x0 

0.63I 

33i 

1.143 

45o 

0.538 

920 

0.462 

1062 

0.525 

1x56 

o.8o4 

211 

0.454 

333 

0.438 

452 

0.743 

924 

0.476 

io63 

0.709 

1x62 

0.894 

212 

1.X60 

334 

0.461 

454 

0.430 

934 

0.696 
0.455 

X064 

0.666 

1x65 

0.519 

2X6 

0.489 
0.475 

335 

o.56i 

455 

0.483 

935 

io65 

0.524 

1x66 

0.532 

2X8 

336 

0.441 

456 

0.640 

937 

0.432 

X066 

0.774 

1 167 

o.5i8 

»25 

0.553 

340 

0.475 

458 

0.585 

938 

0.629 

1067 

0.548 

1171 

6.5x0 

226 

0.441 

341 

0.476 

462 

o.m 

942 

0.434 

1070 

0.665 

1179 

0.543 

228 

Q.542 

345 

0.439 

464 

0.685 

947 

o.465l 

X071 

0.585 

1x82 

0.509 

23l 

0.557 

346 

0.475 

465 

0.499 
0.559 

948 

o.45o 

1072 

0.526 

1x84 

0.574 

233 

o.5i8 

347 

0.517 

467 

952 

0.444 

1073 

0.585 

xi85 

0.531 

235 

0.574 

348 

0.556 

470 

0.577 

954 

0.486 

X075 

0.620 

X186 

0.591 
o.45o 

24o 

0.477 

349 

0.435 

471 

0.874 

956 

0.436 

1078 

0.496 

XX87 

24l 

0.441 

352 

0.438 

472 

o.5x6 

958 

0.526 

io8x 

o.47» 

X189 

0.576 

246 

0.449 

355 

o.6o3 

475 

0.448 

960 

0.435 

1082 

15.545 

X190 

0.583 

248 

o.45o 

356 

0.534 

476 

0.529 

96  X 

0.491 
0.439 

io83 

0.849 

1x91 

o.5o3 

25o 

0.453 

359 

0.604 

48o 

0.524 

962 

io84 

0.600 

1 1 92 

0.456 

25l 

0.469 
0.445 

36o 

0.780 

48x 

0.466 

964 

0.441 

X086 

P.488 

1 193 

o.5i5 

252 

36j 

■  0.730 

48a 

4).5oa 

965 

0.458 

1087 

0.521 

1 196 

0.490 

254 

0.460 

364 

0.548 

488 

o.5o3 

967 

0.683 

X089 

o.43o 

X20X 

0.601 

255 

o.45x 

367 

0.5x9 

490 

0.485 

968 

0.468 

1090 

0.608 

1202 

0.602 

256 

o.45i 

369 

0.472 

491 

0.497 

969 
975 

0.442 

1092 

0.548 

I204 

0.483 

258 

0.453 

V\ 

0.717 

495 

1.299 

0.576 

X093 

0.592 

X2o5 

0.577 

261 

0.460 

374 

o.64i 

499 

0.483 

977 

i.x57 

X094 

0.437 

1209 

12X6 

0.673 

262 

0.440 

375 

0.648 

5x1 

o.58o 

978 

0.472 

X097 

o.56x 

0.448 

266 

o.45o 

376 

0.595 
0.48X 

5X2 

0.773 

984 

0.458 

X098 

0.533 

1217 

0.495 

269 

o.45o 

38o 

5x4 

0.448 

986 

0.470 

X099 
xxo3 

0.481 

12X8 

0.436 

270 

0.486 

382 

0.517 

5x6 

0.457 

989 

0.457 

0.460 

X225 

0.459 

272 

0.674 

383 

0.532 

523 

o.6o5 

994 

0.485 

ixo5 

0.433 

1235 

0.930 
0.544 

277 

0.807 

384 

0.519 

525 

0.56X 

996 

o.5i7 

X107 

0.438 

X238 

278 

0.442 

385 

0.772 

526 

o.5o6 

997 

1.XX7 

XX09 

0.84I 

1242 

0.480 

279 

0.449 

386 

0.499 

529 

0.611 

xooo 

0.455 

IXIO 

0.476 

1249 

0.475 

280 

0.439 

388 

0.786 

532 

0.653 

1 001 

0.471 

XXXI 

0.681 

X25o 

0.741 

281 

0.467 

389 

0.966 

537 

o.6a5 

X006 

0.817 

XX12 

0.558 

X25l 

— 0.488 

282 

0.661 

39X 

0.497 

557 

0.453 

X007 

0.526 

nx5 

o.56a 

I27I 

+6.48X 

284 

0.432 

392 

0.808 

558 

0.599 

X008 

0.498 

ixx6 

0.439 
0.808 

1272 

-0.585 

285 

0.539 

394 

0.558 

562 

0.439 

XOXI 

.  0.443. 

IXX7 

1284 

ziiti 

286 

0.468 

395 

0.529 

563 

0.568 

xox3 

0.709 

11x8 

0.554 

1286 

287 

0.563 

396 

0.773 

566 

0.565 

xox4 

0.848 

1x20 

o.65o 

1290 

—0.637 

289 

0.737 

399 

0.673 

567 

0.447 

xoi5 

0.469 

XX28 

0.832 

1294 

— 0.663 

290 

0.697 

4oo 

0.528 

568 

0.522 

X018 

0.700' 

XX24 

0.523 

1299 

+4.64I 

291 

0.5d2 

4o4 

o.5i8 

572 

0.493 

X022 

0.538 

XX26 

^  0.593 
+  0.653 

i3o8 

—0.526 

293 

0.724 

4o5 

1.5X2 

575 

0.440 

I023 

0.454 

XX27 

i3xo 

— 0.830 

294 

o.5oo 

4od 

0.470 

586 

0.895 

+0.452 

X084 

0.556 

1X28 

XX  29 

+  0.653 

1 334 

—0.490 

^ 

+0.655 

4xx 

+4.450 

589 

X025 

—0.557 

—  0.559 
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Mercury - 
Venus _.. 
Earth . . . 
Mars 


Aflteroids. 

Jupiter 

Saturn 

Uranus 

Neptune 


Name. 


a 


DiiUnee  ftom  the  San. 


MeM. 


0.3870984 
0.7233317 
I . 0000000 
I. 52369 z 

5.202767 
9.538850 
19.18239 
3o.o36a7 


OreatMt. 


0.4666927 
0.7282636 
I.0167751 
1.6657795 

5.453663 
10.073278 

20. 07630 
30.29816 


:3o75o4i 
7183998 
9832249 
,38 16025 

.951871 
.004422 

.28848 
.77438 


EcMotilclty. 


.2056178 
.0068183 
,0167751 
,0932528 

.0482235 
.o56o265 
,0466006 
.0087193 


«? 


87 

365 
686 

4333 
10759 
3o686 
60136 


i>«y»-       I  Biji   , 
.969s824n5.tr' 
•  7007754!583.^ 
.3563744 
.9794561779.9: 

.5848o32|398.^ 
.31971061376.091 
.83o5556{369.65( 
.  73a         1367.4S; 


Name. 


Mercury- 
Venus  -- 
Earth... 
Mars  ... 


AsCeraidB. 

Jupiter 

Saturn 

Uranus 

Neptune- . . 


LongUude  oftlu 
Perihelioa. 


74  57  27.0 
124  l4  85.6 
100  ZI  27.0 
333  6  38.4 

II  45  32.8 
89  54  4i.2 
168  5  24 
47  17  58.0 


Annual 
Variatton. 


LongiCQde  of 
Aaoending  Node. 


+  5.81 
—  3.24 
+  11.24 
+  I5.46 

+  6.65 
+  19.31 
+  2.28 


46  23  55.0 

75  II  29.8 

48  16  18.0 

98  48  37.8 

112  16  34.2 

73  8  47.8 

i3o  10  12.3 


Annual    Inclination  of 
Variation.        Orbic 


-10.07 
-20. 5o 

-25.22 


-iS.o 
-19.5, 
-36. o5 


7     o  i3.3 
3  23  3i.4 

I  5i     5.7 

1  18  4a. 4 

2  29  29.9 

0  46  29.2 

1  46  59 >o 


Varlaiion. 


+0.18 
+0.07 

— o.oi 

— 0.23 

— o.i5 
+o,o3 


-IK 


3i 

4 

2 


32.6,A 

26.7!  i 

59.3,  A 
0.6:^ 
43. ij  i 


21.6 


Name. 

Time  of 
Rotation. 

Diameter. 

Volame. 

Maaa. 

Denaity. 

Liflitat 

GraTity. 

BdM 
Mil 

Apparent. 

In  MUes. 

PeriheUon. 

Apbeilon. 

OWSK 

A.     m.     «. 

" 

FMLi 

Sun 

607  48 

1923.64 

889,614 
3,093 

l4l5225 

354936 

o.25o 

28.36 

456.6 

Mercury 

24    5  28 

6.69 

0.0595 

0.0729 

1.225 

10. 58 

4.59 

0.48 

7-? 

Venus.. 

23    21    21 

17.10 

7,917 

0.9960 

O.9101 

0.908 

1.94 

1. 91 

0.90 

liX 

Earth.. 

23  56    4 

7,926 

I. 0000 

I . 0000 

1. 000 

z.o34 

::ffi 

I  .GO 

I6.I1 

Mars... 

24    37    22 

5.8 

4,25i 

0.1364 

o.i324 

0.972 

0.524 

0.49 

7-9 

Aateroida. 

Jupiter . 

9  55  26 

38.4 

92,301 

1491*0 

338.718 

0.227 

o.o4o8 

0.0336 

2.45 

\i 

Saturn. 

10  i4 

17. 1 

75,181 

J772.0 

101. 364 

o.i3i 

O.OI23 

0.0099 

0.0025 

1.09 

i7.e 

Uranus. 

4.1 

36,270 

86.5 

i4.25i 

0.167 

0.0027 

0.76 

n.3 

Neptune 

a. 4 

33,660 

76.6 

18.900 

0.32I 

O.OOII 

O.OOII 

1.36 

ai.8J 

The  preceding  elements  of  Neptune  are  for  the  beginning  of  1854 ;  the  others  axe  for  the  M 
ginning  of  1840, 


Tabids  XXXIY.— Blbmentb  op  the  Satellites.    4C0 


EUmenU  rf  ih€  Moon. 


Mean  distance  from  the  earth 

Mean  sidereal  revolution 

Mean  synodical  revolution 

Mean  longitude  Janua^^y  i,i8oi 

Mean  longitude  of  perigee  at  do 

Mean  longitude  of  ascending  node  at  do. 

Mean  incUnation  of  orbit 

Mean  revolution  of  nodes 

Mean  revolution  of  perigee 

Eccentricity  of  orbit 

Diameter  of  the  moon 

Density,  that  of  the  earth  being  i 

Mass,  that  of  the  earth  being  i  - 


.  59.96435  terrestrial  radii. 
.  27.3216614x8  days. 
.29.5305887x5  days. 
.118°  17'    8".  3. 
.2660  10'    7". 5. 
.    i3*»  53'i7".7. 

.  50  8'47".9- 
.  6798.279  days. 
.  3232.575343  days. 

o.o548443. 
.21 53  miles. 
.  0.5657. 
.  0.011399. 


MemtMU  o/tke  SalMteo  o/Maro. 


BoTolutloii. 


Daily  MoUoo. 


Dliatanee  tsoax  Kan. 


Apparanl 


InMU«8. 


InoUiuition  to 
EdipUc. 


1.  Phobos 

2.  Deimos 


A     in. 
7    39.3 
3o    17.9 


1128.794 
285.165 


12.95 
32.35 


5820 
i46oo 


26  6 
26  6 


Elements  of  the  SaUUiiee  ofJuyiter. 


Sat. 


Sidereal  Renamioii. 


Diatanoein 
Radii  of  Jupiter. 


Orbit  inclined 

to  Jnpiter'a 

Eqnator. 


Dlamaler. 


Appareot.     In  Mttea. 


Maaa,  that  of  Jopi- 
ter  being  1. 


Am.    «. 
18  27  33.5o5 
l3  i3  42.040 
3  42  33.36o 


16  i6  32  II. 271 


6.04853 

?.62347 
.35o24 
26.99835 


007 
016 
o  5  3 
o     o  24 


i.oi5 
0.911 
I 

I 


.488 
.273 


2436 
8187 
3573 
3o57 


.000017328 
.000083835 
.000088497 
.000042659 


ElemetUe  of  the  SaUUUee  of  Satwm, 


Sat. 


Sidereal  Rerolntion. 


Radii  of  Sat- 
urn. 


Eecentrieity. 


Longitude  of 
Peri-Satumlum. 


Mean  Longitude. 


Epoch. 


i. 
o 
I 

I 
2 

4 
i5 
21 
79 


A  m.   « 

22  36  17 

8  53  .2 

21  18  33 
17  44  5i 
12  25  II 

22  4i  a4 
4  20 

7  54  4o«8 


3.i4o8 
4«o3i9 
4*9986 
6.399 
8.932 
20.706 
25.029 
64.359 


0.06889 

Uncertain. 

o.oo5i 

0.02 

0.02269 
0.029223 

o.ix5 

0.0282 


io4  42 

i84  36 

42  3o 

95 
244  35  5o 
295 
35i  85 


264  16  36 
67  56  25 
i58  3i  o 
327  4o  48 
353  44  o 
137  21  24 

32 

86937  48 


1789.705 

1789.705 

i836.3o8 

I836.0 

1836. o 

i83o.o 

1849.0 

1790.0 


Elements  of  the  Satellites  of  Uranus, 


Sidereal  Revolmion. 


Datty  Motion. 


Dietance. 


Mean  Bletanoe  in 
MUea. 


Daya. 

2.52035 

4.14397 

8.705886 

13.463863 


142,8373 
86.8732 
4i.35i33 
26.73943 


z3.54 
19.28 
33.88 
45.  ao 


I 19994 
X 70863 
288600 
385ooo 


EUmsnU  of  the  SattUiU  of  Neptune. 

Sidereal  revolution , 5rf.  21^.  am.  44s. 

Apparent  mean  distance I6'^98. 

True  mean  distance 235,8oo  miles. 

Orbit  inclined  to  the  plane  of  ecliptic i45^ 
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Tablb  XXXV. — Blsmsitts  o*  tbb  ■  AsTSRotDa. 


NiX 

Nwna 

i>L»™^ 

ii 

flie&EiDii^ 

fty. 

i^cSoL 

VVj!«a, 

br  wbom. 

Wtisra. 

<m 

t4iie& 

1 

Geres 

tSot,  Jan.  I 

Piaizi 

Palermo 

7*7 

1,765938 

0. 080957 

iS8o,3<>7 

n 

Pallas 

1803,  March  38 

Olbew 

Bremen 

7-9 

2.770386 

0.339367 

imA.tw 

3 

Juno 

1804,  Sept.  I 

Harding 

Lilienthal 

8.7 

2.668678 

0,356176 

i59a.355( 

4 

VcuU 

iSo7j  March  ag 

Olbers 

Bremen 

6.e 

3. 36 t 339 

0,090304 

i3a5,35^ 

5 

Astrcea 

1845,  Dec.  S 

Hencke 

Driessen 

to,o 

3  i  576500 

0.189993 
0.201657 

i5io*5!^ 

6 

Hebe 

1847,  July  1 

Hencke 

Driessen 

8,6 

34a54i8 

1379.6^ 

7 

Iris 

1847,  Aug.  1 3 

Hind 

London 

3.6 

3.386t47 

o,33od33 

t346,3o7 

8 

FJora 

e847,  Oct.  18 

Hmd 

London 

8.9 

1, act  386 

0.15670^ 

1193.097 

9 

Metis 

18483  April  a  5 

Graham 

Markree 

8.9 

2.335730 

a.i333xT 

1345.9^ 

[O 

Hygeia 

r849j  April  12 

Gasparis 

Naplm 

9-8 

3.149373 

>.  100557 

so4i^43o 

tt 

PartheQope 

ia5o,  May  ix 

Gaspariii 

Naplca 

9.5 

2,453588 

0, 098867 

r4o3#93| 

ra 

Victoria 

i85o,  Sept.  1 3 

Hind 

London 

9,6 

2.333811 

'J,  31  8930 

t3ot.iA3 

l3 

Egeria 

i85o,  Nov.  a 

Gasparis 

Napl^ 

9.9 

2.575625 

0.084873 

1 509, 8 10 

U 

Irene 

iSSi,  May  so 

Hind 

London 

9'7 

2,589368 

0,  ]653  3€ 

i53i«9is 

[5 

EuQomia 

i85i,  July  29 

Gaaparifi 

Naploii 

9.1 

2,64ii8o 

0,187357 

1570,486 

[6 

Psyche 

i852j  March  17 

Ga«parb 

Naples 

10,1 

2,92275^ 

0. 134^2  5 

1835.09S 

^7 

Thetis 

iSSsj  April  17 

Luther 

fMlk 

9*9 

2.473710 

o.is6d6S 

1431.093 

i8 

Melpamene 

1 85  2,  June  34 

Hind 

London 

9.5 

2.396060 

0*317078 

ia7o.7?!J 

^9 

Fortuni 

i853,  Aug.  33 

Hind 

London 

9-7 

2.44t36d 

0,157933 

1393. 3i^ 

30 

Mas-^iUa 

1852,  Sept,  19 
i853,  Nov,  li 

Gasparis 

Naples 

9*3 

2.409386 

0.143696 

t366.o3S 

31 

Lutetia 

Gold«chmidt 

Pans 

tci.3 

2.435431 

0^162045 

1388*3^1 

^11 

Calliope 

1 853,  Not.  16 

Hind 

London 

to, 6 

2,495579 

o,io363o 

l43r       - 

23 

Tbalia 

i852,  Dec.  i5 

Hind 

London 

EI  .D 

2,628824 

0,331732 

155^..-,. 

24 

Tlicmia 

i853,  Aprils 

Gaspari* 

Naples 

£1.6 

3.149947 

0.1 t75o4 

3o4t  .9^v 

z5 

Phorrea 

1853,  April  6 

Chaeomac 

Marseilles 

to. 5 

2.401060 

0,352533 

r35S»9i*; 

a6 

Proserpina 

i853,  May  5 

Luther 

Bilk 

io»7 

a. 656079 

0,0875*1 

iSSi.ia; 

^7 

Eut*;rpe 

i853,Nov.  8 

Hind 

London 

9*9 

2.3473*>5 

0. 172896 

i3i3,56* 

aS   lUclLona 

[854j  March  1 

Lulhrr 

Bilk 

9.8 

2,775177 

0 . 1 54507 

1688.63  i 

29 

Aiiiphitnie 

1 354,  March  1 

Marth 

London 

9.1 

2,554866 

o,o723S3 

1491.5^. 

3o 

Urania 

1854,  July  aa 

Hind 

London 

10. 1 

3,364199 
3,r56i58 

0,127174 

i3a7.8yi 

iSi 

Euphroayne 

i854,  Sept.  I 

Fergusrtn 

WWgton 

II. 6 

o,3i6oi3 

3o48.o3a| 

3a 

Pomona 

1 854,  Oct  a6 

Goldachmidt 

Paris 

It.O 

3.S89039 

0*080617 

15^1^6^ 

33 

Polyhymnia 

1 854,  Oct.  aS 

Chacornac 

Paris 

ri.4 

3.867075 

0.336987 

1773.197 

34 

Circe 

i855>pTil6 

Chacornac 

Paris 

1 1. 5 

3.6883oa 

0, 108353 

1609,961 

35 

Lencothea 

1 855.  April  19 

Luther 

Bilk 

13.  1 

3 .981229 

0.331025 

1880. i4S 

36 

Atalanta 

iS55,  Oct.  5 

Gold  Schmidt 

Paris 

10,5 

2 , 748705 

0^397900 

1664.516 

37 

Fides 

i855,Oct.  5 

Luther 

Bilk 

2, 64 J 907 

0.174798 

[568465] 

38 

Leda 

1 356,  Jan.  12 

Chacornac 

Paris 

10*9 

2,739685 

0.155576 

ie56-33f 

39 

Lj^titia 

[856,  Feb,  8 

Chacornac 

Paris 

9,3 

2,769387 

0 . 1 1 r  07  5 

1 683,345 

4o 

Harmonb 

i856,  March  3i  Goldschmidt 

Paris 

9,1 

2,367148 

0.04608 5 

ts46.86i 

41 

Daphne 

iS5G,  May23    ,Goldschmidt, 

PariB 

10.3 

3,4oo337 

0,3034B8 

1358,334 

42 

]^ia 

i856,Mav23 

Pojjsnii 

Oxford 

9,2 

3,439997 

o.aa5637 

J  392. 1 36' 

43 

Ariadne 

i857,  Apnl  1 5 

PiiUlJ-f'Il              1 

Oxford 

10.3 

2,3o3838 

0,167565 

1194,^9^ 

44 

Nyaa 

i857,  Mhy  27 

(inhtst  hinidt 

Paris 

9^5 

3,424163 

0,149334 

i378.6o7r 

^5 

Eugenia 

1857.  June  27 

Gnldrti'liitiidt 

P:iris 

1 1 . 0 

3.731430 

0,082427 

1639.&09 

46 

Hestia 

i857;  Aug.  16  1 

Papfmn 

rJsford 

10,8 

s,53o335 

0. 166149 

1470.161 

47 

Aj^laia 

i857jSept.  J5 

Lath  IT 

Bilk 

[3.1 

3.881472 

0.139497 

1786.567 

4S 

Doris 

1857;  Sept.  19 

1 

Ci^jlJacrhmidt 

1 

Paris 

ti.3 

3.104474 

0.076601 

1997*938 

49 

Pabe 

1857,  Sept.  19 

1 
Goldschmidt 

Paris 

ia.2 

3,085916 

0  137604 

1980,039 
1 574.451 

5o 

Virginia 

1857,  Oct.  4 

Fcrjruson 

W'ah'gton! 

13.6 

3,64^628 

0 . 386957 

5t 

Nemausa 

i858.Jan,  22 

Laureut 

Nismes 

1 0.0  3.367790] 

0.066998 

i33o.8ocl 

53 

Enropa 

i858.Feb.4 

joldschmidt 

[*aria 

IQ.5 

3,099883 

0 . 1 00938 

1993.45' 

l547*7'AJ 

53 

CjilyjJSO 

i858,  ApriU 

Luther 

tlilk 

n  .0 

2.618545 

0,206715 

54 

Alexa^ndra 

i858,SEpt.  10 

Goldachmidt 

Paris 

10,5 

2,707653 

0.199006^627."^--" 

55 

Pandora 

1858,  Sept.  10  1 

Searlc 

Albany 

II  ►! 

3.75g83i 

0*142086!  1674,6^.: 

56 

Mflete 

1857,  Sept.  9      G old sc  h midt 

Paris 

12.  [  a. 5854551 

0.337016! 

1516,698! 
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Ka 

LoofdtDdaof 

FWlllMlOfL 

Mean  dally 
Motion. 

Mean  Longitude 
alEpoeh. 

£poch,  Waahlngfton  mean 
Time. 

I 

o         *            >/ 

x49  36'  i3»i 

0     t       « 
80  49  54.7 

0     /       // 
10  36  37.8 

771.3333 

0       *         */ 

346  48  i5.4 

x859,  Sept  7.0000    j 

9 

133     7  38.4 

173  38  3s. 7 

34  48  39.8 

769.4780 

334  88  35.5 

x858,  May  38.7860 

3 

54    o  55.8 

170  58  33.0 

i3     3    9.8 

8i3.8848 

io4    3  3i.i 

x858,Jan.  38.7860    1 

4 

sSo  35  29.4 
i34  35  35.7 

io3  81   10.3 

7     8    9.x 

977.8433 

318  a6     i.x 

x858,  April  33.7860/ 

5 

i4i  84  48.5 

5  19  35.3 
i4  46  35.4 

857.9486 

80  56    3.7 

1849,  Dec.  30.7488  f 

6 

x5     a  33.4 

i38  35  19.5 

939.3481 

xa4  54  18.6 

1857,  Feb.  13.7488  1, 

7 

4i  39  i5.3 

359  46  16.x 

5  38     1.4 

963.  6335 

333  34  38.8 

i858,  July  18.7488  \ 

8 

33  54  38.3 

no  17  48.6 

5  53    8.0 

1086. 33io 

68  48  38. 0 

i848,  Jan.  0.7488 

9 

71     3  55.6 

68  3i  3i.6 

5  36    0.6 

963.8856 

138    8  13.7 

i858,  June  39.7488 

10 

337  47  58.8 

387  38  34.3 

3  47    9-3 

634.8491 

354  47  47.6 

x85x,Sept  16.7488 

II 

3x6  10     7.x 

135     341. I 

4  36  57.9 

933.7834 

383  56  41.9 

1 858,  June  36.7488 

la 

3oi  39  34.7 

335  34  41.7 

8  83  19.4 

995.8341 
858.3861 

7  4a     5.0 

i85o,Dec.  30.7488 

i3 

119  13  59.0 

43  17  55.7 

x6  33    6.7 

i38  44  43.6 

1 85 1,  Dec.  5.0000 

i4 

179  ad  31.9 

86  4o    4.5 

9     7    7-4 

85i.56o8 

67    13    30.6 

x857,  Nov.  19.7488 

i5 

37  3i     8.x 

393  56  i5.8 
i5o  35  34.0 

IX  43  39.0 

835.3330 

338  54     5.1 

1859,  May  XI. 0000 

i6 

i3  x6  x4.8 

3    4    6.5 

710.0987 

5o  5i  48.0 

1860,  Nov.  ao.oooo 

\l 

a5o  33  5i.3 
i5  IX  48.0 

ia5  37  i3.3 

5  35  40.7 

911.9760 
XOX9.8395 

310    I  34.3 

i856,  April  3.7488 

x5o    4  33.3^ 

10    8  58.3 

3o4  33  35.3 

1859,  July  3.0000 

'9 

3o  33  5o.3 

axx  39  38.7 

I   33  38.8 

930.1578 

i48  38  55.8 

i858,  March  3.7488 

ao 

98  38  37.6 

306  4x  37.6 

0  4i     7-3 

948.7396 

X95  x6  53.9 

x858,  April  30.7488 

ai 

327    3  45. a 

80  37  33.3 

3    5  II. I 

933.5610 

4x  24    9.0 

i853,  Jan.  1.7488 

33 

58  x6  4i.x 

66  36  54.7 

i3  44  51.9 
10  i3  i3.6 

714.9070 

76  59    8.0 

x853,Dec.  30.7488 

a3 

xa3  58  4o.6 

67  38  34.4 

833.46x7 

280    7  33.7 

1859,  July  X 0.0000 

34 

x37  54    9.7 

3^  10  3o.3 

0  49     1.8 

634.6753 

3o    3  4i*5 

x856,  Sept.  34.7488 

a5 

3o3  46    9.0 
a35  17  36.8 

3x4    4  54.6 

31  35  53.6 

953.6780 
819.6815 
986.6360 

294  46  i3.5 

1857,  July  9.7488 

36 

45  53  14.6 

3  35  40.3 

181  21  20.9 

1857,  March  19.7488 

37 

87  39    0.0 

93  44  45.0 

I  35  3i.x 

260  43  33.7 

1S59,  June  13.7488 

38 

xsa  33  48.3 

144  43    5.4 

9  33  3o.8 

767.486a 

159    3  36.^  i854,  Feb.  37.7488 
393  XI  33.8|i859,  July  8.7488 
19  3o  84.41858,  Oct  8.7488 

!9 

56  39     6:6 
3x  33  34.7 

356  36  5i.8 

6    7  49.6 

868.8694 

3o 

3o8  i3  46.3 

3     5  56.9 

976.0689 

3i 

93  5x     6.6 

3i  35  33.0 

26  a5  13.4 

63a.8o3i 

53  49  5o.3 

i854,  Dec.  30.7488 

3a 

193  33  43.5 

330  48     1.4 

S38  49.1 

851.7338 

x34  3a  80.0 

i860,  Jan.  34.7488 

33 

34o  5i  46.x 

9  16    9.3 

I  56  4i.5 

730.88S3 

866  47  55.8 

x858,  April  13.7488 

34 

149  58  35.x 

184  47  10.8 

5  36  33.3 

904.9883 
689.3084 
778.6000 

193  36  37.2 

i855,  April  9.4488 

35 

X98  5i  53.9 

355  57  36.3 

8  13  10.7 

173  36  II. 3 

i860,  Feb.  14.0000 

36 

43    33    35.0 

359    8  48.4 

18  4s    9.5 

36  19  53.2 

i855,  Dec.  30.7488 

3? 

66     5  35.8 

8  10  33.4 

3    7  19.3 
6  58  31.9 

836.3860 

43  34  So. 3 

i855,  Dec.  30.7488 

38 

xoo  4o  88.4 

396  37  47.3 
157  19  3i.o 

783.4484 

113  55     7<2 

i855,  Dec.  30.7488 

39 

X  58  57.7 

10    30    50.7 

769.8940 

x46  44  19.7 

i855,  Dec.  31.7488 

4o 

a     I  50.9 

93  38     8.9 

4  i5  48.4 

1039.4100 

822  xa    9.1 

i856,  June  30.7488 

4i 

a3o  31  39.6 

180    5  5o.8 

i5  48  83. 0 

954.1100 

808  a8  48.5 

i856,  May  31.3488 

43 

3x7  59  49.2 

84  3o  43.8 

8  34  3i.8 

930.9435 

a47  46  86.0 

i860,  Jan.  0.7488 

43 

377  x3  54.8 

864  39  13.7 

3  37  47.6 

1084.5x77 

834    4  55.7 

1857,  April  16.7488 

44 

III  37  5a. 5 

i3i     I   x6.6 

3  4i  40.8 

940.0780 

378    9  38.1 
394  33  47.6 

1857,  Dec.  3 X. 7488 

45 

33o     I  10. a 

i48     5    3.5 

6  34  57.9 

790.3345 

1857,  Dec.  31.7488 

46 

354  3i     9.9 

x8i  86  35.3 

3  17  48.6 

881.5347 

197  i5  33.5 

x86o,  March  35.3468 

47 

3x3  43    9.0 

4  3o  39.9 

5    0  i4*4 

735.4x35 

3  48  17.3 

i858,  Feb.  6.7488 

48 

77  37  40.9 

i85  i4     1.8 

6  99  42.8 

648.6710 

9  54  48.6 

1857,  Dec.  31.7488 

49 

3a  49  57.9 

390  39  59.9 

173  33  18.7 

3    8  3o.5 

654.53i6 

10  3o  30.3 

i858,  Oct  31.7488 

5o 

xo     0  13.4 

3  47  53.6 

8a3.i44o 

3i  4i  35.6 

1857,  Dec.  30.7488 

5i 

175  4i  37.7 

175  3o    8.3 
139  5o  57.3 

9  36  37.9 

973.8489 

i54  33  36.1 

1857,  Dec.  30.7488 

53 

103  x4  a6.o 

7  34  34.9 

65o.ix87 

i36  86    0.9 

1857,  Dec.  3X.7488 

53 

93  38  10.7 

i44    4  18.7 

5    6  59.0 

837.3700 

168  37  33.0 

i858,  April  8.3488 

54 

393  56    0.4 

3x3  5o  17.5 

XI  47    9'0 

796.3741 

346  31  55.3 

X 858,  Dec.  39.7488 

55 

II  36    7.4 

10  57  39.3 

7  i3  3o.8 

773.8075 
854.4868 

38  86  II .4 

X 858,  Dec.  29.7488 

56 

394  58  35.7 

194  5a  3i.4 

7  56    3.3 

33o  53  38.0 

1857,  Sept  12.7488 

G 

^<i 
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T&BLB  XXXV.— Elements  or  the  Asteroids. 


Na 

Kame. 

DtaeoTorad. 

II 

Mean 

DUtanes. 

tiidty. 

FbU 

1 

When. 

By  whom. 

Where. 

57 

Ifnemosyne 

1859,  Sept.  22 

Luther 

Bilk 

10.9 

3.157288 

o.io4xx6 

2049. 1 3^ 

58 

Concordia 

X  860,  March  24 

Luther 

Bilk 

11.6 

2.699318 

0.041619 

1619.86^ 

59 

ElpiB 

i860,  Sept.  12 

Chacomac 

Paris 

II. 3 

2.713215 

0.117133 

i632.393i 

60 

Echo 

i860,  Sept.  1 5 

Ferguson 

Washington 

12.2 

2.392879 

o.i854a8 

1 352.008! 

61 

Danae 

i860,  Sept.  19 

Goldschmidt 

Paris 

II. 7 

3.003977 

0.168435 

1901.70& 

62 

Erato 

i860,  Oct.  10 

Forster 

Beriin 

11.8 

3.128731 

0.170159 

2021.393 

63 

Ausonia 

i86i,Feb.  lo 

Gasparis 

Naples 

9.9 
10.3 

2.395709 

0.135375 

i354.4oS 

64 

Angelina 

i86i,March4 

Tempel 

Marseilles 

2.6*^0963 

0.128206 

i6o3.37i 

65 

Cjbole 

i86i,March8 

Tempel^ 

Marseilles 

11,3 

3.42o520 

0.12o3l2 

23io.66:L: 

66 

Maia 

i86i,April9 

Tuttle 

Camb'ge,U.S. 

12.7 

2.663544 

O.I33916 

1687.77= 

67 

Asia 

1861,  April  17 

Pogson 

Madras 

II. 6 

2.420899 

0.184439 

1375.626 

68 

Leto 

1861,  April  29 

Luther 

Bilk 

10.3 

2.782166 

0.187489 

1 695. 01  c 

69 

Hesperia 

1861,  April  29 

Schiaparelli 

Milan 

12.0 

2.971693 

0.I7383I 

1871.129 

70 

PanopflBa 

i86i,Mav5 

Goldschmidt 

Paris 

II. I 

2.613270 

o.i83i29 

i543.o3o 

71 

Niobe 

i66i,Auii:.  i3 

Luther 

Bilk 

10.8 

2.756160 

0.173729 

1671.301 

73 

Feronia 

i86i,Ma7  29 

Peters 

Clinton,  U.S. 

i3 

2.266077 

0.119784 

i245.97§ 

73 

Clytie 

1862,  April  7 

Tuttlo 

Camb'go.U.S. 

i3 

2.666582 

0.042750 

1590.490; 

74 

GhUatea 

i862,Aog.  29 

Tempel 

Marseilles 

II 

2.778516 

o.2384o5 

1691.678^ 

75 

Earydice 

1862,  Sept.  22 

Peters 

Clinton,U.  S. 

II 

2.670834 

0.306746 

I594.296 

76 

Freia 

1 862,  Oct.  21 

D'Arrcst 

Copenhagen 

12 

3.386430 

0.187177 

2276.20c 

77 

Frigga 

1862,  Nov.  12 

Peters 

ClintOD,U.  S. 

II 

2.671924 
2.623642 

o.i358i4 

1695.373 

78 

Diana 

i863,Marchi5 

Luther 

Bilk 

10 

0.203982 

1652.227 

P 

Eoiynoroo 

i863,Sept.  i4 

Watson 

Ann  Arbor 

10 

2.444x73 

0.195333 

1395.71: 

80 

Sappho 

1864,  May  2 

Pogson 

Madias 

10 

2.297090 

0.200478 

1271. 64i 

81 

Terpsichore 

1 864,  Sept  3o 

Tempel 

MarseUles 

12. 1 

2.854377 

0.2II2l5 

1761.43c- 

82  Alcmene 

1864,  Not.  27    Luther 

Bilk 

12.4 

2.759818 

0.226938 

1674.631 

83  Beatrix 

i865,  April  26  Gasparis 

Naples 

10. 0 

2.43i644 

o.o85i5c 

1384.984 

84  Clio 

i865,  Aug.  25 

Luther 

Bilk 

11.8 

2.361823 

0.2356II 

1325.774 

85  lo 

1 865,  Sept.  19 

Peters 

Clinton,  U.S. 

II. 3 

2.653895 

0.191154 

1679.517 

86  Semele 

1866,  Jan.  4 

Tietjen 

Berlin 

i4-o 

3.103545 

0.207730 

1997.034 

87  Sylria 

1866,  May  16 

Pogson 

Madras 

II. 5 

3.492706 

0.081 178 

2384.193. 

88Th»be 

1866,  Jane  1 5 

Peters 

Clinton,  U.S. 

10. 0 

2.768707 

o.i65o6i 

1682.716 

89  Jalia 

1866,  Aug.  6 

Stephan 

MarseUles 

10.2 

2.549470 

o.i8oo3i 

1486.87.' 

9o!Antiope 

1866,  Oct.  I 

Luther 

Bilk 

II. 0 

3.157634 

0.201945 

2049.46^ 

91'iEgina 

1866,  Nov.  4 

Stephan 

MarseUles 

II. 8 

2.491248 

0.065948 

i436.23^ 

92,Und]na 

1867,  July  7 

Peters 

Clinton,  U.S. 

10.8 

3.191261 

0. 104082 

2082.29/. 

93  Minena 

1867,  Aug.  24 

Watson 

Ann  Arbor 

II. 6 

2.753810 

0. 133263 

1669.16) 
2066.469 

94 

Aurora 

1867,  Sept.  6 

Watson 

Ann  Arbor 

II 

3.163792 
3.069284 
3.055836 

0.090143 

95 

Arethusa 

1867,  Nov.  23 

Luther 

Bilk 

10 

0.148424 

1964.053 

96 

iEgle 

1868,  Feb.  17 

Coggia 

Man^iUes 

II 

o.i4i558 

1961.161 

97  Clotho 

1868,  Feb.  17 

Tempel 

MarseUles 

II 

2.668621 

0.256895 

1692.313 

98  lantho 

1 868,  April  18 

Peters 

Clinton,  U.  S. 

12 

2.684535 

0.189100 
0.242667 

x6o6.5S4 

99 

Atrophos 

1868,  May  28 

Borrelly 

Marseilles 

i3 

a. 833978 

1742.551 

100 

Hecate 

1868,  July  II 

Watson 

Ann  Arbor 

12 

3.098111 

0.1 56622 

1991.793 

lOI 

Helena 

i868,Aug.  i5 

Watson 

Ann  Arbor 

10 

2.573119 

0.139404 

1 607. 60S 

loa 

Miriam 

1868,  Aug.  22 

Peters 

C^linton,  U.  S. 

II 

2.662367 

Q.254181 

1686.719 

io3 

Hera 

1868,  Sept.  8 

Watson 

Ann  Arbor 

10 

2.706424 

0.081475 

1626.266 

io4 

Clymeno 

1 868,  Sept.  1 3 

Watson 

Ann  Arbor 

II 

3.179809 

0.197340 

2071.09S 

io5 

Artemis 

1868,  Sept.  16 

Watson 

Ann  Arbor 

12.0 

2.379945 

0.176197 
o.i83i84 

i34i.o6sj; 

106 

Dionc 

1868,  Oct.  10 

Watson 

Ann  Arbor 

12.3 

3.i623o4 

2054*OI3 

107 

Camilla 

1 868,  Nov.  17 

Pogson 

Madras 

12.0 

3.380094 

0.048269 

2269.78a 

108 

Hecaba 

1869,  April  2 

Luther 

Bilk 

10.6 

3.2i34ii 

o.ioo3oo 
0.209886 
0.080626 

2io4*oio 

109 

Felicitas 

1869,  Oct.  9 

Peters 

Clinton,  U.S. 

lO.O 

2.694057 

i6i5.i3o 

no 

Lydia 

1870,  April  22 

Borrelly 

Marseilles 

II. 0 

2.693090 

i6t4.264 

III 

Ate 

1870,  Aug.  1 4 

Peters 

Clinton,  U.S. 

tl.O 

2.575614 

0.101397 

1509.800 

iia 

Iphigenia 

1870,  Sept.  20 

Peters 

Clinton,  U.S. 

II. 0 

2.435656 

0.126398 

1388.427 

Table  XIXY. — ^Elbmerts  op  tbe  Asteroids. 
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K& 

Loogitnda  of 
Fwflwlian. 

LoDgltadoof 
Afleending  Nod«. 

Indlnatloa 
ofOiUt 

IteadftUj 
Motton. 

Mean 

LoDcttodaal 

Kpoeh. 

EpodHBarllnmean 
Ttana. 

5? 

9       »        11 
5a  53  z3.o 

0       /        // 
300      5   25. z 

0      ^        // 
z5    8     1.6 

6324633 

0       /        // 

88  35  a5.6 

i86o,Jaa.  i.o 

58 

z84  36  39.2 

x6i  i5  47.3 

5     I  5o.z 

8oo.o652 

z86    5  46.9 

i860,  April  z3. 5 

59 

18  19  2Z.7 

170  20    0.9 

8  37  13.5 

793.9265 
958.5739 
68Z.4933 

3z7  18    5.3 

1864,  July  3i.o 

6o 

98  19  58.8 

Z92    0  49. z 
334  z6  57.9 

3  34  37.0 

47  55  i3.7 

1864,  Oct.  19.7513 

6i 

342  44  12.7 

z8  z6  33.9 

73    6  a5.4 

1863,  Jan.  0.0 

62 

34    2    2.8 

za6  zz  32.8 

3  Z3  z8.4 

64z.z433 

z6o  46  89.3 

z863,  Dec.  89.0 

63 

269  27  5o.5 

338    6    6.7 

5  47  I7«i 

956.8777 
808.2954 

34a  57  46.4 

z 862, Not.  Z9.0 

64 

Z23  38    6.1 

3zz     9  14. z 

z  19  5a. 3 

1Z9  a4  80.3 

z865,  Jan.  7.0 

65 

258  20  36.9 

z53  53  34.8 

3  88    9.8 

560.8775 
8z6.338z 

z8o  18  II. 6 

i86z,Jan.  0.0 

66 

38  i3    4.7 

8  z3  Z2.5 

3    a  84.6 

z88  48  33.5 

i86z,May  S7.35Z3 

67 

3o6  19  46.8 

202  42  22.5 

5  59  33.0 

941.9796 
764.5970 

i44  53    4.9 
7Z  5z  56.6 

x864;Jan.  z.o 

68 

345  10    5.0 

44  53  z4.3 

7  67    9-2 

z863,Nov.  z6.o 

69 

109    6  25.4 

Z87    I     7.2 

8  ±8  Z9.4 

693.6300 
839.9060 
775.4436 

i63  53  3o.4 

z86z,  jQno3.ozz7 

70 

3oo    3  3o.3 

48  z4  42.6 

zz  38  3o.2 

348  44  4Z.8 

z86i,  May  38.0 

7' 

221  58  46.8 

3z6  zd  48.4 

23  z8  89.5 

343    0  z4.z 

z863,Jan.  0.0 

7a 

307  53  59.3 

207  44    6.6 

5  a3  54.9 

zo4o.i468 

333  42  39.2 

z865,  Jan.  0.0 

73 

59  58  3a. 8 

7  33  43.0 

a  34  39.1 

8z4.8434 

z5  17  88.6 

z864,Oct.4 

74 

7  19  35.1 
334  25    8.1 

Z97  59  43.6 
359  55  42.9 

3  58  Z8.9 

766.1030 

33    9  32.9 
z8  12  Z9.5 

i863,Feb.z5.o 

75 

5    0    0.8 

8Z3.898Z 

z863,Jan.  0.0 

76 

oa  5a    4.3 
58  zo  4i.8 

2Z3      3   2Z.2 

3     1  5z.5 

569.3699 

45    8  24.6 

z863,  Oct.  34.5 

77 

a    8  39.0 

3  37  56.2 

8z3.4ozo 

204  24  62.0 

z865,Jan.  0.0 

78 

Z2X  54    8.2 

338  58  57.0 

8  38  29.4 

834.9395 
938.5574 

z6o    3  35.8 

z863,  March  9.0 

79 

44  20  33. z 

306  42  4o.o 

4  36  5o.5 

45  5o  z3.3 

z 864, Jan.  z. 0373 

60 

354  55  25.6 

2x8  29  ia.6 

8  36  22. z 

ZOZ9.X535 

258    0  87.4 

z864,May5.o 

81 

48  29  28.8 

a  3a    6.C 

y  55  36.9 

735.7660 

2Z  56  27.2 

z864,Oct6.o 

82 

z3z   Z9  40.8 

a6  56  50.7 

2  5z   z5.i 

773.9030 

io3  5z  54.6 

i865,Feb.  z6.o 

83 

192  43  z6.4 

37  33  42.6 

5    0  z5.8 

935.7507 

3zo  53  27.7 

i866,Junezz.o 

84 

339  zz  5d.z 

327    32       I.l 

9    83    35.5 

977.5433 
830.6933 

353  48  43.6 

z865,NoT.  z3.o 

85 

322  34  3z.5 

2o3  55  58.8 

iz  53  z5.8 

352  28  Z7.6 

Z870, Jan.  0.0 

86 

28  S9    4.3 

87  57  z4.6 

447  3z.3 

648.9634 
543.5800 

39    8  17.6 

z 866.  Jan.  so.o 

87 

337  21  3o.o 

76  23  4z.3 

zo  5z  33.0 

23o  48  53.6 

z866,  Jan.  0.0 

88 

3o8  4o  46.8 

277  43  5z.5 

5  i4  34.8 

770.x 788 

3o4  56     2.3 

z866,AQg.4.5 

89 

353  i5  59. z 

3zz  33  3z.4 

16  13     z.8 

87Z.6300 

345    a  53.9 

1866,  Oct.  39.0 
z866,Oct.  z8.o 

90 

294    a  27.3 
68    9    8.Z 

7Z     0  23.4 

3  Z7  35.1 

633.359Z 

346    8  36.5 

9» 

zi  36     7.0 

8    9  Z2:x 

903 . 3620 

6z     6  Z9.5 

z867,Feb.3.o 

92 

334  29  39.8 

102  5o  56.1 

9  56  22.0 
8  35  34.9 

633.3906 

378  39  56.0 

z 866, Jan.  0.0 

93 

276  39  54.8 

5    a  28.0 

776.4367 

343  87  53.6 

z867,Oct.  3.0 

94 

45  22  32.5 

4  3a    9.3 

8    5  37.0 

63o.5z39 
659.8598 

85  53  Z3.0 

z 867, Nov.  38.0 

95 

a8  54  36.4 

a44  30  5o.3 

13  53    6.5 

68  18  z5.7 

z868,Feb.  Z8.a 

96 

i65  z4  32.7 

333  49  35.9 

z6     54Z.7 

664.3300 

z5z  49  Z4.7 

z868,Mait:hi.5 

97 

65  33  36. 0 

x6o  36  34.8 

ZI  44  58.4 

8z3.9Zo3 

Z86    8  5o.o 

z868,Jan.o.o 

98 

z47  43    7.5 

354  z6  43.2 

z5  33  35.1 

8o6.683o 

z5o  85  16.9 

z 868,  Jan.  0.0 

99 

239    9  29.9 

4z  35    0.7 

z4    0  3z.z 

743.7370 

339      8    Z3.9 

1868,  May  28 

zoo 

307  29  47.3 

Z28  25  iz.o 

6  33  33.3 

650.670Z 

3o4  Z9  58. 0 
346  33  z8.z 

z 868, July  z.o 

lOI 

328  40  5z.o 

343  35     o.z 

zo    4  Z9.5 

859.6400 
8Z6.7800 

z868,Sept.  i4.o 

102 

355    9  Z0.2 

2ZZ    32   43.2 

5    6    3.3 

3o3  38  54.0 

x  868,  Jan.  0.0 

io3 

32Z  z6  47.8 

z36  z5  45.9 

5  34  33.3 

796.9Z78 

35o     3  39.0 

1868,  Sept.  1.0373 

io4 

62  iz  55.4 

43  46  42. z 

3  53  36.7 

625.7660 

18  84  z4.2 

z868,Sept.  x4.o 

io5 

242  36  Z7.8 

Z87  54     Z.8 

2z  38  59.0 

966.3980 
630.9588 

348  54    8.0 

1868, Oct.  x3.o 

1 06 

27  Z2  33.8 

63  z4  47-9 

4  38  3o.5 

Z9  36  z8.6 

1868, Oct.  xi.o 

107 

273  46    0.0 

178  z 7    0.0 

zo  46    0.0 

570.9800 

4o  zz     0.0 

1869, Jan.  x.o 

108 

175    4  29.6 

352  Z9  55.9 

4  24  z6.3 

6Z5.9664 

Z9Z  25  53.3 

1869, May  i5.5 

109 

,55  56    3.2 

4  56    4.4 

.8     2  56. z 

8o2.4zb3 

34  58  26.8 

1869,  Oct.  9.0 

no 

357  27  4o.z 

57    4  24.3 

5  59  49.9 

803.8426 

Z90  45     Z.3 

1870,  April  33.5 

1X1 

Z22  53    7.3 

3o6  26  28.4 

5     z  2Z.4 

858.3020 
933.4S00 

338  zo  28.3 

Z870,  Sept.  0.0 

112 

337  43  a5.8 

324    4  37.2 

2  36  52.0 

10  33  5z.7 

1870,  Oct.  33.5 
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Table  XXXY.<^Elbmbht8  of  the  Asteroids. 


No. 

Name, 

DlMorend. 

II 

Mean 
Dbtsnott. 

Eeoea- 

tridtj. 

FMod. 

Whan. 

By  whom. 

WbM«. 

D*3nt 

Ii3 

AmateUea 

1 871,  March  xa 

Luther 

Bilk 

XI. 7 

2.376719 

0.086967 

1338.336 

ii4 

CaMandM 

X 87 1,  July  23 

Peters 

CUnton,N.T. 

10.5 

2.675815 

O.140112 

i5^.75>i 

ii5 

Thyra 

X87X,  Ang.  6 

Watson 

Ann  Arbor 

10,6 

2.379x58 

0.194072 

1340.396! 

1x6 

Sirona 

x87i,Sept.8 

Peters 

Clinton,  N.T. 

II. 3 

2.766876 

0.143284 

i6di.o59{ 

117 

Lomia 

i87i,Sept.  X2 

Borrelly 

BCarseiUes 

II.O 

2.990711 

0. 033884 

1889.1231 

118 

Peitho 

1879,  March  i5 

Luther 

Bilk 

II. 7 

3.438687 

0.160669 

1391.018I 

119 

Althea 

i873JApril3 

Watson 

Ann  Arbor 

10. a 

3.583373 

0.081481 

i5i5.747i 

120 

Lacheait 

187a,  April  10 

Bon«Uy 

Marseilles 

1X.6 

3.130334 

0.047600 

aoi3.854> 

121 

Hennione 

x878,May  ts 

Watson 

AnnAibor 

il.i 

3.456775 

0.188787 

2347-497 

Z22 

Gerda 

x87a,Jaly3i 

Peters 

Clinton,  N.T. 

11.4 

3.319864 

0.037604 

2II0.352 

123 

BmnhUda 

187a,  July  3i 

Peters 

Clinton,  N.Y. 

XI. 2 

3.691851 

0.1 14994 

i6i3.i5o 

124 

Alcestis 

i87a,Aag.  a3 

Peters 

Clinton,  N.y. 

xo.o 

3.638587 

0.078360 

I 553.037 

125 

Liberatriz 

x878,Sept.  II 

Pr.  Henry 

Paris 

X0.6 

3.035345 

0.346754 

1931 .474 
1392.083 

126 

VeUeda 

1872,  Not.  5 

Pa.  Henry 

Paris 

1I»2 

3.439932 

0.106134 

127 

Johanna 

187a,  Not.  5 

Pr.  Henry 

Pans 

XI. 3 

3.755037 

0.065939 

1670.281 

128 

Nemesii 

x872,Noy.  aS 

Watson 

AnnAibor 

II.O 

3.75i358 

0.135730 

1666.940 

X20 

Antigone 

x873,Feb.6 

Peters 

Clinton,  N.T. 

II. 5 

3.875560 

0.306979 

1781.076 

i3o 

Electro 

1873,  Feb.  17 

Peters 

Clinton,  N.  T. 

10.7 

3.133899 

0.307748 

2016.744 

i3i 

Vala 

1873,  May  a5 

Peters 

Clinton,  N.Y. 

9.5 

3.4x9506 

0.081767 

1374.635 

1 32 

JBthra 

1873,  June  z3 

Watson 

Ann  Arbor 

II. 6 

3. 60354 X 

0.379936 

1533.539! 

i33 

Cjreno 

1873,  Ang.  16 

Watson 

Ann  Arbor 

X0.7 

3.060745 

0.137443 

1955.867I 

1 34 

Sophrosyne 

1873,  Sept.  27 

Luther 

Bilk 

X0.6 

a . 563797 

o.ii58oi 

1498.5451 

i35 

Herthn 

1874,  Feb.  x  8 

Peters 

Clinton,  N.T. 

xa.5 

3.439371 

0.304639 

1382.972 

1 36 

Austria 

1874,  March  18 

Palisa 

Pohi 

II.O 

a. 886897 

o.o8484i 

1263.190! 

i37 

Mdltbooa 

1874,  April  ai 

Palisa 

Pola 

II. 6 

3.133433 

0.308583 

2025.937 

i38 

Tolosa 

x874,Mayi9 

Perrotln 

Touloose 

xa.a 

3.449147 

0.162283 

1399.976 

139 

Jaewa 

1874,  Oct.  10 

Watson 

Peking 

II.O 

3.873869 

0.2023l3 

1779. 5o3; 

i4o 

Siwa 

1874,  Oct.  i3 

Palisa 

Pola 

la.o 

3.73i63i 

0.8I6039 

1 649.0411 

i4i 

Lnmen 

1875,  Jan.  1 3 

Pa.  Henry 

Paris 

11.4 

3.709467 

o.3833i4 

1629.010! 

X42 

Polana 

X875,  Jan.  28 

Palisa 

Pohi 

i3.o 

3.381590 

0.099778 

1342.4541 

x43 

Adria 

1875,  Feb.  23 

Palisa 

Pola 

ia.3 

3.756779 

0.070931 

1671.863I 

x44 

Vibilia 

X875,  June  3 

Peters 

Clinton,  N.T. 

10. 1 

3.643348 

0.838630 

1568.857 

145 

Adeona 

1875,  June  3 

Peters 

ainton,N.T. 

10.8 

3.693881 

0. 818663 

1614.97^ 
1640.74s! 

x46 

Lncina 

1875,  June  8 

Borrelly 

MarseUles 

XI. 5 

3.733463 

0.069509 

i47 

Protogeneia 

X875,  July  IX 

Schulhof 

Vienna 

la.o 

3.134316 

0.0x9315 

2026.7x2' 

x48 

Gallia 

1875,  Aug.  7 

Pr.  Henry 

Paris 

10.8 

3.769810 

0.184674 

1683.707. 

149 

Medusa 

1875,  Sept  21 

Perrotln 

Toulouse 

i3.o 

8.132744 

O.I 19369 

1137.645I 

x5o 

Nuwa 

x875,Oct.  x8 

Watson 

AnnAibor 

la.o 

2.980671 
2.599166 

O.I 30573 

1879.615 

z5x 

Abnndantia 

1875,  Nov.  I 

Palisa 

Pola* 

II. 3 

o.o5364a 

i53o.588' 

1 52 

Atala 

1875,  Not.  B 

Pa.  Henry 

Paris 

II. 5 

3.136173 

o.o86a53 

2028.633' 

i53 

Hilda 

x875,NoT.  a 

Palisa 

Pola 

la 

3 . 950390 

o.x63ii3 

2867.85.; 

x54 

Bertha 

1875,  Nov.  4 

Pr.Heniy 

Paris 

13 

3.220994 

0.X00081 

2X11.458 
1815.667 

i55 

Soylla 

x875,Nov.8 

Palisa 

Pola 

la 

a. 913675 

0.344593 

x56 

Xantippe 

1875,  Nov.  aa 

Palisa 

Pola 

13 

3.037540 

0.363701 

1933.664; 
i5i8.646| 

i57 

Dejanira 

1875,  Dec.  I 

Borrelly 

Marseilles 

19 

3.58565a 

0.219895 

|58 

Coronis 

1876,  Jan.  4 

Knorre 

Berlin 

II 

3.990143 

0.292005 

1888.588 

x59 

Emilia 

X876,  Jan.  a6 

Pa.  Henry 

Paris 

la 

3.125244 

0.1x5535 

2018. ox5 

x6o 

Una 

x876,Ftob.  ao 

Peters 

Clinton,  N.T. 

II 

2.754181 

a.o63683 

1669.503 

161 

Athor 

1876,  April  x8 

Watson 

Ann  Arbor 

II 

2.375976 

0.132903 

1337.710 

X62 

Lanrentia 

1876,  April  2x 

Pr.  Henry 

Paris 

13 

3.02x100 

0. 165346 

1917,983; 

x63 

Erigone 

1876,  April  26 

Perrotln 

Toulouse 

13 

2.3545x3 

0.1 49061 

1319.621! 

164 

Eva 

1876,  July  xa 

Pa.  Henry 

Paris 

13 

3.558525 

0.320751 

1489.535 

x65 

Loreley 

1876,  Aug.  9 

Peters 

Clinton,  N.T. 

XI 

3.128643 

0.073570 

2O2I.3I0 

166 

Rhodope 

1876,  Ang.  i5 

Peters 

Clinton,  N.  T. 

XI 

2.719938 
3.218607 

0. 838576 

1638.465 

167 

Urda 

1876,  Aug.  28 

Peters 

Clinton,  N.T. 

12 

0.311933 

2109. 117 

168 

Sibylla 

1876,  Sept.  28 

Watson 

Ann  Arbor 

II 

3.378104 

0.067352 

2267.820 

Table   XXXV.— Elements  op  the  Asteroids. 


469 


Na.' 

LracttnidA  of 

l^gttiido  of 
Afoinclii]^  Node. 

iDcUnalloa 
cf  Orbit      ' 

MotkiD. 

Lcmeltutlfl  at 
Kpoeh. 

9           i            n 

a          i           tt 

&          J              ti 

It 

0          t           n 

u3 

199     I  5i,4 

123     9  43.4 

5     3   19.8 

968.3664 

i32  37  36.7 

1876,  Jan.  19*0 

ir4 

i53     5  5i.i 

164    24    13.  1 

4  54  3i,3 

di 0.6393 

i53  4a  57.7 

1374^  Jan,  0*0 

ii5 

43  59  5 3. 7 

309     5     3.8 

II  34  38,7 

966.8779 
770.^435 

170  5g  35,9 

1877,  MarGh  25*0 

U6 

rSs  46  53,3 

64  35  4i*6 

3  35  12,6 

44  58  58,6 

1876,  Oct,  33.0 

117 

43  4S  40.4 

349  38  43.5 

i4  57  33.2 

686,o3a6 

358    9  34.4 

1871^  Sept.  i5.5 

118 

77  3o  56.6 

47  29  35.3 

7  48     8.1 

931,6920 

160  32  49,4 

1872,  Match  34.5 

119 

11  39  37.6 

ao3  56  4r*3 

5  45     5.4 

855,0239 

296  5i     0,8 

iS77,July  3.0 

ISO 

3:4  34  43 < I 

343  5o  30.4 

7     I  ia-4 

643.7347 

i46  27  38*6 

i877,Feb.8.5 

191 

0  55  19.5 

77     0     5.3 

7  35     3.9 

552.0773 

i64  45  36.t 

i877^Maticb  5,o 

133 

S08  53  46.3 

179     0  3t.3 

I  36  17.7 

6i4.i»56 

i85  4t  38.6 

i876jApril  5.0 

ta3 

73  56  37.2 

3o8  37  55.9 

6  37  35.4 

S03.3968 

294  4^  10.4 

ie76jJuiy  8.5 

134 

344  39     3.3 

188  aS  11.5 

2  55  5i.8 

833.5744 

3oo  33  29,6 

1876^  Aug.  17.0 

laS 

35i   17    6.9 

171  16  33.7 

6    4  44.2 

670.9900 

3i6     2  35-9 

1873^  Sept.  ]3.o 

136 

347  45  5o.3 

23     7  10.0 

3  56     9.0 

930,979a 

137  4i     6.8 

1874^  Jan.  0.0 

137 

133    S7    l5,0 

3i  46  37.6 

8  16  4o.3 

775,9173 

346  35     1.5 

1876,  Sept.  5.5 

1 38 

16    34    It».I 

76  3o  40'0 

6  i5  3i.3 

777.4739 

245  t8     6.4 

1875^  April  3  5,0 

139 

34t     9  50.7 

i3S     1   59.7 

12   10  52. s 

737.6507 

170  19  53.7 

1878, Jon.  0.0 

i3q 

30  33  35.6 

i46     1     4-8 

22    54    49. S 

64a. 9388 

3 I 2  46  19.1 

1875,  Dec.  21 ,0 

i3i 

358  34  55.3 

65  i5  37.0 

4  38  37.0 

943 . 7 94 I 

i5o  34    9.7 

1876J  Feb.  35.0 

|33 

i53  34     7-7 

360     3  20.6 

34  59  59.3 

845.104 I 

171   35  10.3 

r877,Fcb.  i3.o 

t33 

34s  33  46^3 

321   II  55.9 

7  13  33.5 

663.6319 

307  16    4.8 

1877,  April  4.0 

i34 

67  34  19*7 

346  33  19.0 

11  35  4S.4 

864.839a 

3  5i  30.5 

1877,  Sept.  1 3.  5 

i35 

3i9  49  52.3 

343  58  53.7 

3  18  38.4 

937.1130 

175     3  23.5 

1874, Feb.  35.0 

i36 

3i6  35  33.0 

tS6     9  10.0 

9  33  14.4 

1025.9743 

129  37  65.3 

1877,  Jan.  3i. 5 

i37 

3fQ  19  34'B 

3o4  18    4*7 

i3  46  37.4 

639.7040 

338  4o  35.3 

1874,  April  21.5 

i3S 

3ii   39     7.9 

54  53  14^8 

3  i3  53.7 

925.7398 

160     7  3o.4 

18777  Feb.  °*^'5 

139 

i4o  59  4i-^ 

I  39  45.3 

10  i5     1.3 

72S.3933 

43  33  t8*4 

1874, Nov.  3.0 

i4o 

3oo  33  31.6 

107    3  20.5 

3  II  37*7 

785.9111 

loi  23  36*5 

1876;  Jan.  5.5 

i4i 

32  33  40.7 

3i8  58  44^6 

11  33  44^5 

795.5750 

I 30  I 5  44.9 

1875, Feb.  35.0 

r4a 

329  4i  3S.& 

392  38  5o.3 

3  19     0.5 

965.3960 

i46  49  32.7 

l875>fan^h  4-5 

1 43 

322    38        1.2 

333  41   57.6 

II  29  25.4 

775, 1  83d 

t63  49     6.2 

1875,  Mnti^h  35,5 

144 

8  3o  57.3 

76  44  5i.6 

4  5o  47-7 

S26.0790 

389  S7  37.0 

1875,  Jane  39*5 

i45 

118     7  47*0 

77  43  29.8I14  a3  56.3 

802.4^90 

3o5  iS     3.7 

1875,  Jan.o.o 

1 46 

3i6     3     1.3 

84  i4  17.2 

i3  i4  46. 0 

789.8850 

357     3  17.7 

1875^  Jane  21 .5 

i47 

33  39  4i'4 

35i  3Q  36.8 

I  54  17-4 

639.4596 

3lO   33  b^,^ 

1875.  Sept.  3.5 

i4JiJ 

35  57  17.6 

i45    8  5i.D 

25  21  34.3 

769 . 7300 

0  i4  3i,a 

i875;0<;c.8,o 

149 

246  4i   i4*6 

t6o     7  46.4 

I     5  54.1 

1 [39. 1950 

343  16  21.0 

1875,  Sopt*  3o.5 

i5o 

353  45  17.0 

307  32  33.5 

3    9     1.4 

689 . 5o3o 

16  32  24.6 

i875jNor,2.5 

i5r 

i43  II  33.0 

38  46  36.7 

6  16  )8.6 

^46.7335 

i5i   i4  57.9 

1877,  Jan,  0.5 

l53 

S4  33  35.0 

4i  39    6.0 

12     13    5o.D 

6:J8.854o 

55  A\  54.0 

1875,  Dm.  17.0 

i53 

285     1  35.3 

^38  30  a8.o 

7  5o  53:4 

45 1 .9060 

34  53  43.3 

1875,  Dec.  19.0 

154 

i63  41   18.5 

37  35  43.1 

30  48  54.9 

6 1 3.7940 
713.7A75 

53  3i  35,4 

1875,  Not.  33,5 

i55 

82     I     8.0 

4a  53     3,0 

i4    4  2<^'0 

6i     5  h^.^ 

1875,^07,8,5 

i56 

i55  57  3S.5 

346  10  5r,3 

7  28  38.1 

670.3300 

82    39    13.1 

1S75,  Not.  27.5 

i57 

[O9     13    26.3 

62  34  53^7 

11  49  47^3 

853.3920 

89       2    57,3 

c875j  Dec,  36,5 

i5& 

355  10  25.2 

383  48  56.1 

I    33    32.8 

6^^6*2270 

73    43    27.9 

1876,  Jan.  4.5 

159 

too  4o    t3.2 

i35     5  17.7 

6     5  33.3 

64^,at5a 

i37  34  17^6 

iS77yJftn.  4.5 

iGo 

191   16     8.8 

13       3    5o.4 

3  33     0.4 

776.3790 

|i46  11     8.6 

1876^  Jan,  0,0 

161 

3i2  55  58^7 

iS  33  47*5 

9     9  5o.7 

968.8320 

aSo  44  58.0 

1876^  May  21.  5 

162 

i47  44  =5.3 

39  i5     5.0 

6     3  53.0 

675,7100 

20a  a3  aS.o 

1876,  May  19.0 

i63 

93  17     4.  a 

i58  49  33.9 

4  4o  34*9 

983 .  1000 

207  A^  54-6 

i676jMaTa7.5 

i64 

a  iS  34.0 

77  27  10. 0 

34  4S    4.0 

870*0700 

S98  5o  48. 0 

1676,  Jcly  19.5 

165 

338    23    22,2 

3o4     0  3o.9 

tl     10    13.5 

64 t. 1684 

19    18     52.2 

i876,8ept.23.5 

166 

261  37  454 

129  j4  43.5 

II  4o  35,8 

790-9^43 

222     5  25.6 

1876,  Sept  12*5 

J  67 

32    39    32*3 

170     7  35.4 

I  42   i4.5 

Gi4-475o 

3i7  43  37.4 

1876,  Jan.  0.0 

1G8 

I 5G     7     0.6 

309  36     6*ij 

4  34  33.4 

571,4740 

i64  A^  16.3 

1876,  Not,  16*5 
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No. 

Name. 

II 

Nemi 
DUuooe. 

tricHy. 

P<!no<L 

Wben. 

By  whom. 

When. 

i69|Zelia 

lyo.Maria 

lyijOphelia 

1876,  Sept.  28 

Pr.  Henry 

Paris 

II. 3 

2 . 360278 

o.i3i4o2  1324.473 

1877,  Jan.  10 

Pcrrotin 

Toulouse 

II. 7 

2.554946 

0.063945  1491-6^5 

1877,  Jan.  1 3 

BorreUy 

Marseilles 

12. 1 

3.147061 

0.1 1 7695  2039.155 

172 

Baucis 

1877,  Feb.  5 

Borrelly 

Marseilles 

10.4 

2.379945 

o.ix33o] 

[  i34i.o5^ 

173 

Ino 

1 877,  Aug.  2 

Borrelly 

Marseilles 

II. 0 

2.744859 

0.204869  i66i.o3i 

174 

PhiBdra 

1877,  Sept.  3 

Watson 

Ann  Arbor 

II. 7 

2.863829 

o.i5o485  1770.1s- 

175 

Andromache 

1877,  Oct.  I 

Watson 

Ann  Arbor 

II. 2 

3.503760 

0.3480862395.52^: 

176 

Idunna 

1877,  Oct.  i4 

Peters 

Clinton,  N.  Y. 

12.2 

3.190424 

0. 164322^ 

[  20»i.47': 

177 

Inna 

1877,  Not.  5 

Pa.  Henry 

Paris 

12. 1 

2.757941 

0.232943 

i  1672. 91S 

i78Beli8ana 

1877,  Nov.  6 

Palisa 

PoU 

II. 3 

2.459133 

o.o58i52 

i4o8.5i- 

i79lciytcmne«tra 

1877,  Nov.  I  a 

Watson 

Ann  Arbor 

11.4 

2.972847 

0.108773  1872.221 
0.170774  1645.S9., 
0.219706  2012.39: 

iSoGarumna 

1878,  Jan.  29 

Perrotin 

Toulouse 

i3.3 

2.728162 

181  Eacharifl 

1878,  Feb.  2 

Cottenot 

Marseilles 

II. I 

3. I 19434 

182  Eba 

1878,  Feb.  7 

Palisa 

Pola 

II. 0 

2.417358 

0.186180 

1372.  Sic 

i83l8tria 

1878,  Feb.  8 

Palisa 

Pola 

12.6 

2.802373 

0.353OII 

I7i3.*l2? 

1 84 

Deiopeia 

1878,  Feb.  28 

Palisa 

Pola 

12.3 

3.188269 

0.072629 

2079.360 

i85 

Eanike 

1878,  March  x 

Peters 

Clinton,  N.  Y. 

10.3 

2.738218 

0. 126838 

1655.O0V 

186 

Celnta 

1 878,  April  6 

Pr.  Henry 

Paris 

11.4 

2.362523 

o.i5i299 

1 326. 36c 

187 

Lamberta 

1878,  April  II 

Coggia 

MarseiUes 

11.4 

2.739820 

0.235396 

1666.460 

i88|Memppe 

1878,  Jane  18 

Peters 

Clinton,  N.  Y. 

i3.o 

2.821093 

0.217340 

1730.71: 

i89lPhthia 

1878,  Sept.  9 

Peters 

Clinton,  N.  Y. 

11.4 

2.45o456 

0.035583 

1401.099 

190 

Ismene 

1878,  Sept  22 

Peters 

Clinton,  N.  Y. 

11.4 

3.937835 

0.161662 

2864.202 

191 

Kolga 

1878,  Sept.  3o 

Peters 

Clinton,  N.  Y. 

II. 7 

2.889216 

0.081970 

1793.776 

192 

NaoBicaa 

1879,  Feb.  17 

Palisa 

Pola 

9.3 

2.4o255i 

0.245890 

1 360.497 

193 

Ambrosia 

1879,  Feb.  28 

Coggia 

Marseilles 

12.2 

2.575805 

0.285372 

1 
1609.969 

i94.Frocne 
i95|Eurycleia 

1879,  March  *' 

Peters 

Clinton,  N.  Y. 

10.2 

2.619444 

0.237328 

i648.5oi 

1879,  April  22 

Palisa 

Pola 

12.3 

2.872249 

0.092246 

1777-997 

196  Philomela 

1879,  May  17 

Peters 

Clinton,  N.  Y. 

10. 1 

3.088104 

o.oo54i3 

1982.143' 

197  Arete 

1879,  May  21 

Palisa 

PoU 

12.7 

2.743128 

0.164731 

1669.465 

i98,Ampella 

1879.  June  '^ 

BorreUy 

Marseilles 

II  .2 

2.454110 

0.225396 

i4o4>2i9 

199  Byblis 

1 879',  July  9 

Peters 

Clinton,  N.  Y. 

12. 1 

3.205760 

0.162316 

2096.500 

200 

Djnamene 

1 879,  July  27 

Peters 

Clinton,  N.  Y. 

II. 3 

2.737726 

o.i335i9 

1654.621 

201 

Penelope 

1879,  Aug.  7 

Palisa 

Pola 

12.2 

2.677355 

0.182067 

1600.  i3j 

202 

Chryseis 

1879,  Sept.  *^ 

Peters 

Clinton,  N.  Y. 

10.7 

3.084416 

0.097096 

1978.602 

2o3;Poinpeia 

1879,  Sept.  25 

Peters 

Clinton,  N.  Y. 

II. 0 

2.738908 

0.069473 

1655.635. 

204 

Callisto 

1879,  Oct.  8 

Palisa 

Pola 

12.0 

2.672761 

0.175511 

1696.033 

205 

Martha 

1879,  Oct.  1 3 

Palisa 

Pola 

12.5 

2.777094 

0.034837 

1690.379 

206 

HersUU 

1879,  Oct.  1 3 

Peters 

Clinton,  N.  Y. 

1 

207 

Hedda 

1879,  Oct.  17 

Palisa 

Pola 

II. 5 

2.284834 

0.029780 

1261.4S0I 

208 

liacrymosa 

1879,  Oct.  21 

Palisa 

Pola 

12.2 

2.871746 

o.o5i38i 

1777.529I 

209 

Dido 

1879,  Oct.  22 

Peters 

CHnton,  N.  Y. 

II. 3 

3.146399 

0.064378 

2038.5391 

210 

IsabeUa 

1879,  Nov.  12 

Palisa 

Pola 

12. 0 

2.745361 

o.i36io4 

1661.490 

211 

Isolda 

1879,  Dec.  10 

Palisa 

Pola 

10.7 

3.046439 

0.154069 

1942.170 

212 

Medea 

1880,  Feb.  6 

Palisa 

Pola 

II. 8 

3.ii5o23 

0.106268 

2008.  12i 

2l3 

Lilisa 

1880,  Feb.  16 

Peters 

Clinton,  N.  Y. 

12.5 

2.756309 

0.143701 

1671.436 

214 

Aschera 

1880,  March  i. 

Pali«a 

Pola 

11.9 

2.6ii334 

o.o33oo4 

i54i.3i7; 

2l5 

G&none 

1880,  April  7 

Knorre 

Beriin 

i3.o 

2.766285 

o.o326i3 

1680.520 

216 

Cleopatra 

1880,  April  10 

Palisa 

Pola 

10.5 

2.795298 

0.249222 

1707.028 

217 

Eudora 

1880,  Aug.  3o 

Coggia 

MarseiUes 

i3.8 

2.875860 

0.306677 

1781.352 

218 

Bianca 

1880,  Sept.  4 

Palisa 

Pola 

1 1. 9  2.667709 

0. I 15370 

1691.499; 

219 

Thosnelda 

1880,  Sept.  3o 

Palisa 

Pola 

11. 6 

2.354117 

0.224319 

1319.289 

220 

Stephania 

i88i,Miiy  20 

Palisa 

Vienna 

i4.8 

2.366590 

0.265294 

1829.789 

221 

Eos 

1882,  Jan.  18 

Palisa 

Vienna 

10.5 

3.010226 

o.io35i6 

1907*643. 

222 

Lucia 

1882,  Feb.  9 

Palisa 

Vienna 

12.9 

3. 1 15445 

o.i3824i 

2008 -53ii 

223 

Rosa 

1882,  March  9 

Palisa 

Vienna 

13.9 

3 . 094024 

0.118557 

1987  «5i 

224 

Oceana 

1882,  March  3o 

Palisa 

Vienna 

12.0 

2.646534 

0.045532 

1671    '^N 
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No. 

Loogltade  of 
PeBhelioo. 

LoDgitade  of 

IneUoallon 
of  Orbit 

Mean  dally 

MoUon. 

Mean 

Loogltade  at 

Epoch. 

Epocb,  BerUn  mean 
Time. 

169 

0       1        It 
326  53  35.9 
95  47  X9,5 

354  37     2.7 

0      /        // 
5  3o  49.9 

// 
978.5025 

0       1        If 

43  48  42.2 

1880,  Oct.  3o.o 

170 

3oi   19  32.8 

i4  22  5o.3 

868.8279 

348  3i  42.6 

1879,  Aug.  22.  0 

171 

143  35  42.2 

lOI    xo    II.2 

a  33  49.0 

635.5487 

86  57  28.8 

i88i,Dec.  9.0 

172 

326  35  43.0 

33i  5i  30.9 

10     I  21.3 

966.3982 
780.2369 

200     7  49.7 

1881,  April  i3.o 

173 

i3  37  5o.o 

i48  35  5o.o 

x4  i4  35.7 

192  16  22.3 

1880,  March  29.0 

174 

253  26     9.1 

328  52  i4.8 

X2    10    38.7 

732.1255 

x47  42  37.6 

1880,  Jan.  29.0 

175 

293    9  49.8 

23  34     7.9 

3  46  35.0 

541.0099 

l52    52    II. 0 

i88i,Jan.  3.0 

X76 

20  49  36.8 

2or  II  49*6 

22  3i  22.1 

622.6360 

247  25  i4.o 

1881,  May  23.0 

177 

25  i4  28.6 

348  59  55.x 

I  26     3.5 

774.6923 

42  34    7.0 

1877, Dec.  7.5 

178 

268  13  16.5 

5o  4i     8.4 

I  56  44.3 

920.0970 

39     2  46.6 

1877, Not.  7.5 

179 

354  53  23.4 

253  i5  44.0 

7  47  52.6 

692.2257 

309  i5     7.6 

i88x,  July  22.5 

180 

126  34  32.2 

3i5     I  i3.i 

0  53  23.1 

787.4120 

239  44  36. 0 
2x3  25  42.6 

1879,  Jane  23. 0 

181 

95  45    2.4 

i44  46  32.9 

18  35  23.8 

644*0X02 

1879,  June  3.0 

182 

54  38     7.9 

106  29  32.8 

2      0  20.3 

944.0487 

3o6  5o  3o.5 

1880,  Jan.  0.0 

i83 

44  59  36.2 

142  46    2.7 

26  3o  10.2 

756.3767 

99  11   17.8 

1878,  Feb.  10.0 

x84 

169  22  20.4 

336  x8  3o,i 

I  12  24.5 

623.2669 

36  52  54.2 

i88i,Oct.  3o.o 

x85 

i5  45     6.6 

z53  5o    8.0 

23  i5  42.6 

783.0772 

i5x     7  34.6 

1878, March  5.5 

186 

327  xo  33.9 

i4  33  56.0 

i3  10  55.2 

977.1085 

16  II  5i.6 

1879,  Dec.  18.5 

X87 

2x3  35  47.0 

22  x6  34.7 

10  42  16.8 

782.39x4 

319    a  5a. 4 

1879, Oct.  i.o 

x88 

309  39  39.7 
6  5o  i5.2 

24x  46    7.9 

XI  21   16. I 

748.8250 

272  46  4a. 5 

1878,  July  5.5 

189 

2o3  21  57.3 

5    9  32. 0 

924.9882 

143  29  37.0 
36  i3  55.1 

1 880,  Feb.  18.0 

190 

io5  17  i3.3 

X77     I  54.x 

6    7    0.6 

454.0674 

1878,  Oct.  26.0 

191 

x6  22  II. 8 

159  52  47.6 

II  3a  27.7 

722.4983 

10  55  45.8 

1878, Nov.  i5.5 

Z92 

10  36  46.9 

343  19  i3.o 

6  52  29.8 

952.5933 

261  28  57.1 

1880, May  8.0 

193 

70  5i  3i.i 
3i9  i^o  32.5 

35i  i4  32.4 

II  38  3a. 2 

858.2960 

139  4o    6.9 

1879, March  25.5 

194 

159  23  19.2 
8  21  5x.2 

18  24  33.3 

836.9383 

3i3     I  21.7 

1880,  July  14.5 

195 

X06  46  24.4 

7  i5    A.A 

728.9x00 

199  5i  55.6 

1879, May  24.5 

X96 

352  20  58.9 

73  28  29.6 
82    8    5.3 

7  16  38. 0 

653.8370 

201  34  43.8 

1879,  June  1 3.0 

197 

324  45  56.6 

8  47  25.3 

780.9746 

267  24  49.2 

1879,  June  27.5 

X98 

354  5o  57.5 

268  48  34.3 

9  17  18.9 
x5  18  3o.5 

922.9325 

292  45     9.7 

1879,  July  II. 5 

199 

260  49  26.0 

90  25    4*x 

618.1730 

270  42  42.2 

1879,  July  25.5 

200 

46  38  21.0 

325  25  49.3 

6  55  3i,8 

783.2609 

353  36     5.6 

1879,  Not.  7.5 

201 

334  38  52.1 

157    5  55.4 

5  43  38.8 

809.9320 
655.0080 

335     6  5o.3 

1879,  Sept.  12.5 

202 

127  43  ld«2 

i37  48  23.7 

8  47  59.9 
3  12  46.5 

17  12  46.7 

1879,  Dec.  7*5 

203 

43  24  19.8 

348  37  57.7 

782.7813 

121   10  53.0 

1881,  Jan.  27.5 

204 

257  32  3o.o 

2o5  4o  i4*3 

8  19  29.0 

8x^.0x85 

3o  34  18.7 

1880,  Jan.  9.0 

2o5 
206 
207 

21  54  12.7 

212  12  18.9 

xo  39  58.2 

766.6919 

127  5o  x5.3 

1881,  Jan.  22.5 

217  43  24.7 

28  52    9.5 

3  49  41.7 

1027.3643 

172  55  X4.7 

1881, Feb.  24.5 

208 

233  i3  4o.i 

7  A^    3.7 

I  58    a.o 

729.1020 

37  i5  21.5 

1879,  Nov.  12.5 

209 

256  18  IX. 5 

I  57  5i.i 

7  i4  3a. 8 

635.7494 

334  27  i3.6 

1884,  Sept.  4.0 

210 

56  43  17. I 

32  46  34.9 

5  11  43.1 

780.0227 

52  36  58.4 

1879, Dec  IX. 5 

211 

74  12  26.5 

265  28  45.5 

3  5o  52.6 

667.2952 

98  22    4.5 

1880,  April  6.5 

212 

55  3o  35.4 

3x5  17  23.3 

4  X7  44.5 

645.3786 

i5  23  17.9 

1 883,  Sept.  3o.o 

2X3 

281    4    7*2 

122  17  20.9 

6  46  44.3 

775.3800 

Z16  49  24.1 

1884, Jan.  8.0 

2X4 

109  27  29.8 

342  24  20.6 

3  27  13.7 

840.839X 

142     2  3i.6 

1884,  Feb.  17.0 

2l5 

34x  18    8.5 

25  24  23.5 

I  43  19.0 

77X.1899 

206  58  25.8 

1 880, March  29.0 

2X6 

32  i4  36.4 

2x5  49    6.7 

x3     a  17.4 

759.2144 

17  59  58.1 

1882,  Sept.  x5.o 

217 

3x4  54  16.5 

i64    0  3i.o 

10  16  II. 9 

727.5370 

332  18  57.5 

1 880, Sept.  1 3. 5 

218 

23o  i4  20.8 

170  49  i4*5 

x5  12  35.7 

8x4.3267 

294  17     5.5 

i884j  July  26.0 

219 

340    21    47.7 

200  43  3o.o 

xo  46  40.7 

982.3475 

263  52  32.7 

x883,May  i3.o 

220 

332  52  58.9 

258  23  45.3 

7  34  52.6 

974.5908 

267  44  4i.x 

x88'i,May  3i.5 

22X 

33i     6  16.7 

i42  3x  51.9 

10  5i     6.8 

679.3723 

3x3  x3  48.7 

x884,  July  26.0 

222 

260  i3  4o.3 

80  24  X6.7 

2    IX    12.3 

645.2478 

174  XI  48.5 

X 882,  April  7.5 

223 

102  48  20.0 

48  59  4o.6 

I  59  20.6 

651.9603 

i58  24  57.7 

1882, March  28.5 

224270  5o  36.6 

353  18  x3.8 

5  52  25.4 

824.1189 

216  4o  35.8 

1 882,  June  17.5 

472 


Table  XXXVI. 


For  Sines  and  Tangents  of  small  Arcs. 


Log.  Sine. 


o 

I 

2 

3 
4 
5 
6 

7 
8 

9 

o    lO 

II 

12 

i3 

i4 

o  i5 

iG 

17 

i3 

19 

o  20 

21 

22 

23 

24 

25 

26 
27 
2S 
29 

3o 
3i 

32 

33 
34 
35 
36 

37 
38 
39 
o  4o 
4i 
42 
43 
44 
45 
46 

47 
48 

s 

5i 

52 

53 
54 
55 
56 

57 

58 

59 

»  60 


Inf.  Neg. 
6.4637261 
6.7647561 
6.9408473 
7.0657860 
7.1626960 
7.2418771 
7.3088239 
7.3668x57 
7.4179681 
7.4637255 
7.5o5n8i 
7.5429065 
7.5776684 
7.6098530 
7.6398160 
7.6678445 
7.6941733 
7.7189966 
7.7424775 
7.7647537 
7.7859427 
7.8061458 
7.8254507 
7.8439338 
7.8616623 
7.8786953 
7.8950854 
7.9108793 
7.9261190 
7.9408419 
7.9550819 
7.9688698 
7.9822334 
7.9951980 
8.0077867 
8.0200207 
8.0319195 
8.0435009 
8.0547814 
8.0657763 
8,0764997 
8.0869646 
8.0971832 
8.1071669 
8. 1 169262 
8.1264710 
8.i358io4 
8.1449532 
8.1539075 
8.1626808 
8.17L2804 
8.1797129 
8.1879848 
8.1961020 
8 . 2040703 
8. 2j I 8949 
8.2195811 
8.2271335 
8.2345568 
8.24i8553 


Log.  »in.  A-4og.  A".|Diir.  10". \  Log.  Tangent.    Log. tan.  A— tog.  A  ^tP*g ^^ 


4.6855748,7 
5748,6 
5748,4 
5748,1 

5747,7 

4.6855747,1 
5746,5 
5745,7 
5744,7 
5743,7 

4.6855742,5 
5741,3 
5739,8 
5738,3 
57367 

4.6855734,9 
5733,0 
5731  o 
5728,8 
5726,6 

4.6855724,8 
5721,7 
57190 
57163 
57134 

4.6855710,4 
5707,3 
5704,0 
5700,6 
5697a 

4.6855693,5 
5689,8 
5686,o 
5682,0 
5677,9 

4.6855673,6 
5669,3 
5664,8 
566o  2 
5655,5 

4.685565o,7 
5645,7 
564o,6 
5635,4 
563o,i 

4.6855624,6 
5619,1 
5613^4 
5607,6 
56oi,6 

4.6855595,5 
5589,4 
5583,1 
5576,6 
5570,1 

4.6855563,4 
5556,6 

5549,7 

5542,6 

5535,5 

4.6855528,2 


,o5 
,^7 
,^9 

,i5 

,17 

,'9 

0,21 

>l° 

o,3a 
,34 
,36 

o,4a 
,44 
,46 

,5o 

o,52 

,54 

,56 

,58 

,60 

0,6a 

,64 

,66 

,68 

,70 

0,7a 

,75 

;77 

,81 

o,83 

,85 

,87 
,89 

»9i 

0,93 

,95 

,97 

;99 
1,01 
i,o3 

,o5 

,^7 
,09 

,^5 

ji7 

,19 
,21 


Inf.  Neg. 
6.4637261 
6.7647562 
6.9408475 
7.0657863 
7.1626964 
7.2418778 


3088248 
3668169 
4179696 
4637273 
5o5i2o3 
5429091 
7.5776715 
7.6098566 
7.6398201 
7.6678492 
7.6941786 
7.7190026 
7.7424841 
7.7647610 
7.7859508 
7.8061547 
7.8254604 
7.8439444 
7.8616738 
7.8787077 
7.8950988 
7.9108938 
7.9261344 
7.94o8584 
7.9550996 
7.9688886 
7.9822534 
7.995219a 
8.007809a 
8.0200445 
8.o3i9446 
8.0435274 
8.0548094 
8.o658o57 
8.0765306 
8.0869970 
8.097217a 
8.1072025 
8. II 69634 
8.1265099 
8.i3585io 
8.1449956 
8.1539516 
8.1627267 
8.171328a 
8.1797626 
8.i88o364 
8.1961556 
8.2041259 
8.2119526 
8  2196408 
8.2271953 
8.2346208 
8.2419215 


4.6855748,7 
5748,8 
5749,2 
5749,8 
5750,6 

4.6855751.7 
5753,1 

5754,7 
5756,5 
5758,6 
4.6855760,9 
5  763;  5 

S7a6;3 

5769,4 
5772,7 

4.6855776,2 
57800 
5784,1 
5788;4 
5792.9 

4.6855797J7 
58o2  7 
58o8o 
58i3  5 
5819a 

4.68558a5a 
583 1  5 
5838t) 

5844? 
58517 

4.68558589 
5866,4 
58741 
58831 
5890,3 

4.6855898,7 
5907^4 
5gi6,4 
5925,6 
5y35,o 

4.6855^44,7 
5954,6 
5964,8 
5975,8 
5985,8 

4.6855996,7 
6007,0 
6019,3 
6o3o,o 
6o42,8 

4.6856o54,9 
6067,3 
6079,9 
6093,6 
6io5,9 

4.6856119  a 
6i3a,8 
6i46,7 
6160,8 
6175,1 

4.6856189,7 


0,0a 

,06 

,'8 
0,33 

>«7 
,3i 
,35 
,39 
0,43 
,47 

,59 
o,63 

,67 
,7' 
,76 
,80 
o,84 
,88 

,9» 

,96 
1,00 

i,o4 
,08 

i,a5 

>a9 
,33 

1,45 

it 

1,65 

'f 
,83 

1,86 

,90 

,98 

a,o3 
s,o6 

''! 
'4 

8,87 

,3' 

,39 
,43 


>  O 

2 

3 

4 

)     5 

6 

7 

8 

9 

>  10 
II 

12 

i3 
i4 

>  i5 
16 
17 

18 

19 

>  20 
21 
22 
23 
24 

>  25 

26 
27 

ad 

29 

»  3o 

3i 

32 

33 
34 

>  35 
36 

37 
38 
39 
I  4o 
4i 
4a 
43 
44 
45 
46 

47 
48 

49 
5o 
5i 

52 

53 
54 
55 
56 

57 
58 

59 
60 
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For  Sine*  and  Tanfrents  of  smaU  Ares. 


Arc.     I      Log.  Sine. 


z 
a 
3 
4 
I  5 
6 

7 

8 

9 

I    10 

II 

12 

i3 

i4 

I  i5 

i6 

»7 

i8 

19 
I  20 

21 
22 
23 
24 
I  25 
26 
27 
28 
29 

I  3o 
3i 

32 

33 

.34 

I  35 

36 

3? 
38 

I  4o 
4i 
42 
43 
44 

I  45 
46 

47 
48 

I  5o 
5i 

52 

53 

54 

I  55 

56 

57 
58 

I  60 


8.24i8553 
8.2490332 
8.2560943 
8..263o424 
8.2698810 
8.2766136 
8.2832434 
8.2897734 
8.2962067 
8.3o2546o 
8.3087941 
8.3x49536 
8.3210269 
8.3270163 
8.3329243 
8.3387529 
8. 3445043 
8.35oi8o5 
8.3557835 
8.36i3i5o 
8.3667769 
8.372x710 
8.3774988 
8.3827620 
8.3879622 
8.393x008 
8.3981793 
8.4031990 
8.4o8x6i4 
8.4130676 
8.4179190 
8.4227x68 
8. 42 7462 X 
8.432i56z 
8.4367999 
8.4413944 
8.4459409 
8.45o44o2 
8.4548934 
8.45930x3 
8.4636649 
8.4679850 
8.4722626 
8.4764984 
8.4806932 
8.4848479 
8.4889632 
8.4930398 
8.4970784 
8.5010798 
8.5o5o447 
8.5089736 
8.5128673 
8.5167264 
8.52o55i4 
8.5243430 
8.52840x7 
8.5318281 
8.5355228 
8.5391863 
8.5428x92 


Log.  Bin.  A— log.  A.".\DiSL  W 


4.6855528,2 
5520,8 
55x3,2 
55o5,6 
5407,8 

4.6855489,9 
548 1, 9 

5473,7 
5465,5 

5457,1 

4.6855448,6 
5439,9 
543x,2 
5422,3 
54x3,3 

4.68554o4,i 
53q4,9 
5385,5 
5376,0 
5366,4 

4.6855356,7 
5346,8 
5336,8 
5326,7 
53x6,5 

4.68553o6,x 
5-95,7 

537454 
5a63,5 

4.6855253.6 
5^4 1  ;5 
5a3oj3 
52iSf9 
5^07,5 

4.6855ii/*7 
5J■^4;- 
5x72,4 
5 1 60,4 
5x48,4 

4.6855x36,2 
5x23,9 
5xxi,4 
5098,9 
5o86,2 

4.6855073,4 
5  060, 5 
5o47,4 
5o34,3 
5o2i,o 

4.6855oo7,6 
4994)0 
4980,4 
4966,6 
4952,7 

4.6854938,6 
4924^5 
4910,2 
4895,8 
488i,3 

4.6854866,7 


1,24 
,26 
,28 
,3o 

,32 

1,34 
,36 
,38 
,40 
,4a 

1,44 
,46 

,52 

1,54 
,56 

,62 

1,64 

,66 

,68 

,77 

,83 
1,85 

^V 
,89 

,93 

x,95 
,97 
,99 

2^0X 
2j05 

,^7 
,09 

^'\ 

3,]S 

,'7 
,'9 

''/ 

3,26 

,38 

,3= 

.34 

3;36 

,4o 

,43 

,44 


Log.  Tangent.    Log.um.A— imt.A'.  Difficr'.i    Arc. 


8.24192x5 
8.24910x5 
8.256x649 
8.263ii53 
8.2699563 
8.27669x2 
8.2833234 
8.2898559 
8.29629x7 
8.3026335 
8.3o88842 
8.3x5o462 

8. 32X1221 

8.3271x43 
8.'333o249 
8.3388563 
8. 3446 I o5 
8.3502895 
8.3558953 
8.36x4297 
8.3668945 
8.3722915 
8.3776223 
8.3828886 
8.38809x8 
8.3982336 
8.3988152 
8.4o3338i 
8. 4088087 
8.4i32i32 
8.4180679 
8.4228690 
8.4276176 
8.4323i5o 
8.4369622 
8.44i56o3 
8.446xio3 
8.45o6i3i 
8.4550699 
8.4594814 
8.4638486 
8.4681725 
8.4724538 
8.4766933 
8.4808020 
8.485o5o5 
8.489x696 
8.4982502 
8.4972928 
8.5012982 
8.5052671 
8. 509200 X 
8.5x80978 
8.5x69610 
8.5207902 
8.5245860 
8.5288490 
8.5320707 
8.5357787 
8.5394466 
8.543o838 


4.6856x89,7 
6204,5 
6219,6 
6234,9 
625o4 

4.6856266,2 
6282,3 
6298,6 
63i5,x 
633x,9 

4.6856348,9 
6366,2 
6388,7 
64oi,5 
6419,5 

4.6856437,8 
6456,3 
6475,0 
6494,0 
65x3,2 

4.6856532,7 
6552,5 
6572,4 
6592,6 
66i3,i 

4.6856683,8 
6654,8 
6676,0 
6697,4 
6719,1 

4.6856741,0 
6768,2 
6785,6 
6808,8 
6881.2 

4.6856854^4 
6877,8 
6901,4 


4.0B56r^7'..^^ 

7073.8 

4.68^709^*5 

71:15,3 

71  54  J 
7177,8 

72o4;4 
4.6857281,2 
7258,3 
7285,6 
78x8,2 
7341,0 
4.6857369,1 
7397,4 
7425,9 

7454,7 

7488,8 

4.68575i3lx 


2,47 

,5i 
55 

,59 
,63 

2,68 
,72 
,76 
,80 
,84 

2,88 

,96 
3,00 

,o4 
8,08 

,17 

3,29 
,33 
,37 

^^\ 
,45 

3,49 

,57 

,61 

,66 

3,70 

/^ 
3,90 

,98 
4,02 

,06 

,19 

,23 

,27 

4,3  X. 

,35 

,39 

,43 

,47 
4,5i 
,55 
,60 
,64 
,68 
4,7a 

,76 
,80 

,84 
,88 


I  o 

I 
2 
3 
4 
I  5 
6 

7 

8 

9 
X  10 

IX 
X2 

i3 

14 

1  i5 
16 

17 

18 

19 
I  20 

2X 
22 
23 
24 
I  25 

26 
27 
28 
29 

z  3o 
3i 

32 

38 

34 

X  35 

36 

37 
38 
39 

z  4o 
4i 
42 
43 
44 

I  45 
46 

47 
48 

49 

z  5o 

5x 

52 

53 

54 

I  55 

56 

57 

58 

59 

)  60 
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Convtants. 


hogBiitkam. 


Area  of  a  circle  to  radius  i 
Circumference  of  a  circle  to  diameter  i 
Surface  of  a  sphere  to  diameter  i 
Ajrea  of  a  circle  to  diameter  i 
Capacity  of  a  sphere  to  diameter  i 
Capacity  of  a  sphere  to  radius  i 
Diameter  of  a  circle  to  area  i 
Diameter  of  a  sphere  to  capacity  i 


h 


IT      =  3.14x59^536 


=  ir-4-6= 
=  47r4-3= 
=V4i^= 

•^ir  = 
w*  = 
i-5-ir  = 

=  M      = 


Base  of  Naperian  logarithms 
Modulus  of  the  common  logarithms 
Naperian  logarithm  of  ir 

C  degrees 
Arc  equal  to  radius  expressed  in<  minutes 

(  seconds 
Length  of  one  degree  in  parts  of  radius 
Length  of  one  minute  in  parts  of  radius 
Sine  of  i  second 
Sine  of  2  seconds 
Sine  of  3  seconds 

36o  degrees  expressed  in  seconds  of  arc 
24  hours  expressed  in  seconds  of  time 
12  hours  expressed  in  seconds  of  time 
Number  of  feet  in  one  mile 
Sidereal  year  in  mean  solar  days 
Tropical  year,  i85o,  in  mean  solar  days 
Annual  variation 

Sidereal  rotation  of  earth  in  mean  solar  seconds 
Sidereal  (t.  e.,  equin.)  day  in  mean  solar  seconds 
Mean  solar  day  in  seconds  of  sidereal  time 

Acceleration  of  stars  in  sohir  day=  |  235;5o945*:  S^TSn^''' 
Compression  of  the  earth= i  -—299 . 1 528  z  8 

Equatorial  radius  of  the  earth  in  English  feet  = 

Polar  radius  of  the  earth  in  English  feet  = 

Degree  of  latitude  at  the  equator  in  English  feet  = 

Degree  of  latitude  at  45°  in  English  feet  = 

'French  toises  into  French  metres  = 

French  toises  into  English  yards  = 

French  toises  into  English  feet  = 

1 1   French  feet  into  English  feet  =: 

%>   French  metres  into  English  yards  = 

Freach  metres  into  English  feet  = 

French  metres  into  English  inches  = 

British  imperial  gallon  in  cubic  inches  = 
Cubic  inch  distilled  water  in  grains  (B.  3o  in.  T.  62°)= 

in  lbs.  avoirdupois  = 


0.78539,81634 

0.52359,87756 

4.18879,02048 

1.12837,91671 

1.24070,098x8 

1.77245,38509 

9.86060,44011 

0.31830,98862 

o.ioi32,ii836 

=  2.71828,18285 

=  0.43429,44819 

=  X .  14472,98858 

=        57.29577,95130 

=    3437.74677,07849 

=206264  •  80624,70964 

=  .01745,32925 

=  .00029,08882 

=  .00000,48481 

=  .  00000,96963 

=  .00001,45444 

=  '  1296000 

=  864oo 

==  43200 

=  5280 

=      365.25637,44x7 

=      365.24221,6787 

=        — .  00000,00669 

=  86164.09966,888 

=  86164.09054,9806 

=  86636.55534,883x4 


Weight  of  cubic  foot  of  water  •< 


in  oz.  avoirdupois  = 

in  lbs.  Troy  = 

in  oz.  Troy  = 
_in  grains 

Length  of  seconds  pendulum  in  inch-1  p^f^      T. 

\  New  York= 
Velocity  of  falling  bodies  in  inches  in  5  ^^^^^      = 

f  NewYork= 


one  second  at 


20923599.98 
20853657- 16 
362748.33 
36457 X. 77 
1.94903659 
2.x3x53o84 
6.39459252 
1.06576542 
X. 093633067 
3.280899167 
39.37079 
277.274 
252.458 
62.32x06057 
997.136969x4 
=        75.7374 
=      908.8488 
=436247.424 
39.13929 
39.x 2929 
39.10x2 
386.28931 
386.1906X 
385.9x337 


0.497149% 

9 .  8950899, 
9.7x89986' 
o.623o8ac. 
o  .0524551' 

0.093667:^ 
0.2485749' 

0.9942997 

9.5o285oi 
9 .  0067005. 
0.4342945 
9.6377843 
o.o587o3o< 
1.768x226 
3.5362739 
5.3i4425i 
8.2418773 
6.4637261. 
4.68557^9' 
4  •9866049. 
5. 1 626961' 
6 . II a6o5o 
4.9365x37. 
4.6354837 
3.7226339' 
2.5626975 
2.56268x0 


4.935326^ 

4.9353263 

4.9377013 

2.3739328 

2 . 3727453 

7.624x069 

7.3206364 

7.319x823 

5 . 5596054 

5.56x7830 

'0.2898200 

0.32869x6 

o.  80581291 

0.02  7671 6{ 

0.03887x6] 

0.6x59929: 

.1.5951741J 

2.4429090 

2.402x8911 

1.7946348: 

2.9987548I 

x.8793xoi| 

2.9684916' 

5.6397329! 

1.5926x29 

I .59260x9 

1.592x901 

2.5869x26 

a. 586801 6 

2.5864898 


EXPLANATION  OF  THE  TABLES. 


Table  I.,  page  357,  contains  the  Latitades  and  Longitudes  of 
the  principal  foreign  Observatories,  taken  chiefly  from  the  Ameri- 
can Nautical  Almanac.  In  several  cases,  these  numbers  differ 
slightly  from  those  given  in  the  English  Nautical  Almanac  and 
the  Berlin  Jahrbuch. 

Table  II.,  page  358,  contains  the  Latitudes  and  Longitudes 
of  various  places  in  the  United  States.  This  hst  is  designed  to 
embrace  the  large  cities,  the  astronomical  observatories,  and  the 
principal  colleges  of  the  country.  A  few  of  the  determinations 
are  derived  from  the  observations  of  the  United  States  Coast 
Survey  ;  others  have  been  derived  from  the  labors  of  numerous 
private  observers ;  while  many  have  been  taken  from  maps  which 
are  confessedly  very  imperfect.  It  is  hoped  that  before  many 
years  this  Table  may  be  very  much  improved. 

Table  III.,  page  359,  serves  to  convert  hours,  minutes,  and 
seconds  into  decimals  of  a  day,  and  vice  versa. 

Example  1.  It  is  required  to  convert  14h.  17m.  16.4s.  into 
She  decimal  of  a  day. 
^e  find  from  the  Table, 

14h.  =.5833333 

17m. =.0118056 

16s.  =.0001852 

0.4s.  =.0000046 

Hence         14h.  17m.  16.4s.  =:5953287 

The  equivalent  for  0.4s.  is  derived  from  the  equivalent  for  4s. 

by  removing  the  decimal  point  one  place  to  the  left. 

Example  2.  Let  it  be  required  to  convert  0.5953287  day 
into  hours,  minutes,  and  seconds.    We  find  from  the  Table, 
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.59 

14b. 

9m.  368. 

.005 

7      12.0 

.0003      = 

25.92 

00002     = 

1.73 

.000008  = 

.69 

.0000007= 

.06 

Hence  .5953287= 14h.  17m.  16.40s. 

The  number  of  seoonds  corresponding  to  .00002  is  obtained 
from  the  little  table  of  proportional  parts  at  the  bottom  of  page 
359.  Thus,  if  .0002  is  equivalent  to  17^s.,  .00002  must  be 
equivalent  to  1.728s. ;  and  we  may  proceed  in  tiie  same  mannw 
for  other  fractions. 

Table  IY.,  page  360,  serves  to  convert  intervals  of  mean  solar 
time  into  equivalent  intervals  of  sidereal  time. 

Example.  It  is  required  to  find  the  sidereal  interval  corre- 
sponding to  the  mean  solar  interval,  2h.  22m«  25.62a 
2L  Om.  Os.      solar  interval  equals  2h.  Om.  19.713s.8id»]nterv. 
'     22       0  «  "  22       3.614  " 

25  "  "  25.068  " 

0.62         "  «  0.622  " 

2h.  22m.  25.62s.  solar  interval  equals  2k  22^  49.017s.  8id.intonr. 

The  method  of  converting  mean  solar  time  into  sidereal  time 
is  explained  on  page  123. 

Tabi£  Y.^  page  361,  serves  to  convert  intervals  of  sidereal 
time  into  equivalent  intervals  of  mean  solar  time. 

Example.  Find  the  mean  solar  interval  corresponding  to  the 
sidereal  interval,  2h.  22m.  49.02s. 
2h.  Om.  Os.      sid.  interval  equals  Ih.  59m.  40.341s.  sdar  interv. 

^0  an  21     56.396  " 

49  "  "  48.866  " 

0.02  "  "       0.020  " 

2h.  22m.  49.02s.  sid.  interval  equals  2h.  22m.  25.623s.  solar  interv. 

The  method  of  converting  sidereal  time  into  mean  solar  time 
is  explained  on  page  125. 

Table  YI.,  page  362,  serves  to  convert  degrees,  minutes,  and 
seconds  of  space  into  hours,  minutea^and.  seconds  of  time.    It  is 
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founded  on  the  ratio  of  15  degrees  to  1  hour.  The  Right  As- 
censions of  the  heavenly  bodies  are  sometimas  expressed  in  arc, 
but  generally  in  time. 

Example.  The  Right  Ascension  of  a  Lyrse  for  January  1, 
1855,  is  277^  59^  51''.60.    Required  its  Right  Ascension  ex- 
pressed in  time. 
The  Equivalent  in  time  for  277°   (TO"    is  18h.  28m.    Os. 
«  «  69  0       "  3     56 

«  "  61       «  3.40 

"  <^  0.60 "  0.04 

The  Right  Ascension  in  time  is  18h.  31m.  59.44s. 

In  taking  out  tiie  equivalents  for  tenths  of  seconds  of  space, 
we  may  use  the  units  in  tiie  seconds  column  as  arguments, 
taking  care  to  remove  the  decimal  point  of  the  corresponding 
equivalent  one  place  to  the  left.  Thus  the  equivalent  for  6^^  is 
0.48.,  and  for  0".6  the  equivalent  is  0.04s. 

Table  YIL,  page  363,  serves  to  convert  hours,  minutes,  and 
seconds  of  sidereal  time  into  degrees,  minutes,  and  seconds  of 
space. 

Example.  The  Right  Ascension  of  a  Lyrse  for  January  1, 
1855,  is  ISh.  31m.  S9.44s.  Required  its  Right  Ascension  ex- 
pressed in  arc: 

The  Equivalent  in  arc  for  18h.   Om.  Os.    is  270°    (Y    (^ 
"  "  31      0       "      7   45     0 

"  "  69  14  45 

"  "  0.44 "  6  .60 

The  Right  Ascension  in  arc  is  277°  59^  51^^60 

Table  YIII.,  pages  364-5»  furnishes  the  amount  of  atmos- 
pheric refraction  for  all  altitudes  from  the  horizon  to  the  zenith. 

This  Table  was  constructed  by  the  late  Professor  Bessel,  of 
Konigsbeig,  and  is  now  more  generally  used  than  any  other. 

It  requires,  in  addition  to  the  observed  apparent  adtitude,  an 
observation  of  the  bei^t  of  the  barometer,  upon  which  depends 
the  factor  B ;  of  the  thermometer  attached  to  the  barometer, 
upon  which  depends  the  factor  ^;  and  of  the  temperature  of  the 
''xternal  air,  upon  which  depends  tiie  fiiotor  T.     If  the  attached 
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thermometer  is  not  observed,  we  may  assmne  that  its  iiidi€»i- 
tions  are  the  same  as  those  of  the  external  thermometer. 

The  refraction  may  be  computed  either  by  natural  numbers 
or  by  logarithms.  The  latter  method  is  the  most  accurate,  as 
the  corrections  required  for  small  altitudes,  indicated  by  the  fac- 
tors M  and  N,  can  be  conveniently  applied  only  with  logaritlims. 
When  the  altitude  is  not  very  small,  and  the  greatest  accuracy 
is  not  required,  the  use  of  logarithms  may  be  dispensed  with. 

By  natural  Numbers, 

From  the  accompanying  Table,  take  the  mean  refraction  cor- 
responding to  the  observed  altitude ;  take  the  factor  B,  corre- 
sponding to  the  height  of  the  barometer ;  also,  take  the  factor  t^ 
corresponding  to  the  attached  thermometer,  and  the  factor  T, 
corresponding  to  the  external  thermometer.  Multiply  these  four 
numbers  together,  and  you  will  obtain  the  true  refraction. 

Example,  The  observed  apparent  altitude  of  a  star  was  34° 
IV  15^^ ;  the  barometer,  28.856  inches ;  the  external  and  the 
attached  thermometers  both  stood  at  + 19.6°  Fahr.  It  is  re- 
quired to  compute  the  refraction. 

Mean  refraction  for  34°  IV  16'^ V  24^^a 

Barometer,  28.856 ;      Factor  B,  0.975. 

mu  ^       1QAO  i  Factor  ^    1.001. 

Thermometer,  19.6°  j  ^^^^^  ^,  ^^^ 

Product,         0.975  x  1.001  x  1.061  =  1.0355. 
True  refraction=84''^8x  1.0355=r  27^^8. 

By  Logarithms. 

Take  from  the  Table  the  factor  log.  B,  corresponding  to  the 
height  of  the  barometer ;  also  the  factors  log.  t  and  log.  T,  cor- 
responding to  the  attached  and  external  thermometers.  Take 
also  the  values  of  log.  A,  as  also  M  and  N,  corresponding  to  the 
apparent  altitude.  Multiply  the  sum  of  log.  B  and  log.  ^  by  M ; 
also,  multiply  log.  T  by  N.  Take  the  algebraic  sum  of  these 
products  (regard  being  had  to  their  signs),  and  add  to  it  log.  A, 
and  the  logarithmio  cotangent  of  the  apparent  altitude.  The 
sum  will  be  the  logarithm  of  the  refraction  expressed  in  second? 
of  arc.     This  rule  is  expressed  more  concisely  thus : 


Explanation  of  the   Tables. 


479 


The  logarithm  of  the  refraction  is 
=log.  cotangent  app.  alt.+log.  A+M(log.  B+log.  t)+'N  log.  T. 
Example  1.  The  observed  apparent  altitude  of  a  star  was  3° 
44''  4Xy^ ;  the  barometer,  30.162  inches  ;  the  attached  thermom- 
eter, 52.2^  Fahr. ;  and  the  external  thermometer,  46.6^  Fahr. 
Required  the  refraction. 

log.  factor  B,  30.162  +0.00821 

log.  factor  ^   52.2°  Fahr.  -0.00078 

log.  factor  T,  46.6°  Fahr.  +0.00183 

iM  =  1  0187 
N  =  11763 
V)g.cotang.,  3°44M0'^  1.18412 

Jog.  A,  1.68084 

1.0187 X  (log.  B+log.  t)y  +0.00767 

1.1753  X  log.  T,  +0.00213 

log.  refraction,    2.fir?466 
Refraction        =:12^29^^3. 
Example  2.  The  observed  appa^nt  altitude  of  a  star  was  6^ 
46^  40^^ ;  height  of  the  barometer,  29.772  inches ;  the  attached 
thermometer,  —0.4°  Fahr.;    and  the  external  thermometer, 
—2.0°  Fahr.     Required  the  refraction. 


log.  cot.  6°  46'  40" 

0.92500 

M=1.0079 

log.  A 

1.73061 

N= 1.0794 

log.  B            =  +0.00266 

log.<             =+0.00127 

log.  B+log.  t=  +0.00383 

M(log.  B+log.  t) 

0.00386 

log.  T            =+0.04545 

Nlog.T 

0.04906 

log.  refraction,    2.70863 
The  refraction=8'  3rM3 


Table  IX.,  page  366-7,  contains  the  coefficients  for  computing 
the  corrections  required  for  transit  observations  at  the  latitude 
of  Washington  Observatory. 

The  column  headed  Azimuth  contains  tiie  value  of  the  factor 
sin.  (0— (5)  sec.  d,  computed  for  0=38°  63"  39""  for  all  altitudes 
from  the  south  horizon,  corresponding  to  a  north  polar  distance 
140°,  to  the  north  horizon,  corresponding  to  north  polar  distance 
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—38^.  The  colurna  headed  Level  ouucains  the  vaine  of  the 
feictor  COS.  (0— d)  sec.  d,  in  the  same  manner  for  every  degree 
of  altitude )  and  the  column  headed  Collimation  contains  the 
value  of  sec.  6.  Near  the  pole,  the  values  of  these  coefficients 
change  very  rapidly,  and  it  is  more  convenient  to  compute  spe- 
cial tables  for  such  stars  as  are  frequently  observed.  Page  367 
exhibits  the  form  of  such  tables  for  Polaris,  X  and  6  Ursse  Mino- 
ris,  and  51  Oephei,  both  for  the  upper  and  lower  culminations. 

The  use  of  this  Table  has  been  sufficiently  explained  on  page 
73,  and  several  preceding  pages. 

Table  X.,  pages  368-4}71,  furnishes  the  reduction  to  the  me- 
ridian for  a  star  observed  a  few  minutes  before  or  after  its  me- 
ridian passage.  It  enables  us  to  compute  more  readily  the  cor- 
rection to  be  applied  to  the  zenith  distance  observed  near  the 
meridian,  in  enler  to  obtain  the  true  meridional  zenith  distance. 
This  correction  may  be  put  under  the  following  form : 

^^^^oos.<,cos.d_g^/oo8.^oos.A'xoot;r, 
sm.  z  \     sm.  z     J 

,  .     2sin.2iP       ,-.    2sin.*iP 

where  A= — -. — ^f— ,  and  B= — : — :^. 

sm.  V  sm.  V 

2  sin.''  iP 
Part  I.  shows  the  value  of  the  factor  — : — -^nr^  ^^  ^^  arm- 

sm.  r^  ^ 

ment  of  the  table  is  the  distance  in  time  of  the  sun  or  star  fix)m 

the  meridian.     This  value  (or  the  sum  of  those  values  divided 

by  the  number  of  observations,  if  more  than  one  observation  has 

been  made)  must  be  multiplied  by  — '-? — -^—j  and  the  product 

subtracted  from  the  zenith  distance  (corrected  for  refiraction,  etc.) 
of  the  sun  or  star  observed  near  the  meridian.  The  difference 
thus  obtained  will  give  the  true  meridional  zenith  distance  of 
the  sun  or  star  as  correctly  as  if  it  had  been  observed  precisely 
on  the  meridian. 

liVhen,  however,  the  distance  from  the  meridian  is  oonsidera^ 
ble,  and  when  great  accuracy  is  required,  this  value  must  be 
further  corrected  by  the  addition  of  the  value  of  Part  Second,  an 

page  371,  multiplied  by  I — -? ^J  cot.  z. 

If  the  ohnmometer  does  not  go  accurately  dnrisg  die  obsewa- 
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tions,  a  further  correction  is  required  for  rate.  The  last  column 
of  page  371  furnishes  the  Ic^rithm  of  this  correction  for  a  daily 
loss  or  gain  of  the  chronometer,  varying  from  0  to  30  seconds. 

An  example  of  the  use  of  this  Table  will  be  found  on  pages 
143-5. 

Table  XI.,  pages  372-3,  is  for  determining  the  equation  of 
equal  altitudes  of  the  sun.  If  the  sun's  declination  remained 
the  same  from  the  forenoon  to  the  afternoon  observations,  it  is 
evident  that  half  this  interval,  added  to  the  time  of  the  first  ob- 
servation, would  give  the  time  of  apparent  noon  as  shown  by 
the  chronometer.  But  as  the  sun's  declination  is  continually 
changing,  a  correction  must  be  applied  on  account  of  this  varia- 
tion. This  correction  is  called  the  equation  to  equal  altitudes^ 
and  may  be  reduced  to  the  form 

a:=— A.fi.tang.  ^+B.f*.tang.  6. 

T 
Page  372  furnishes  the  value  of  ^^r— -^ — -j ^,  which  is  repre- 

o\j  sin.  7^1 

sented  by  A.     This  must  be  multipUed  by  the  hourly  variation 

of  the  sun's  declination  (considered  as  negative  when  the  sun  is 

proceeding  toward  the  south),  and  also  by  the  tangent  of  the  lat- 

T 

itude  of  the  place.    Page  373  furnishes  the  value  of  j^p- — --, 

^  ^  30  tan.  7iT 

which  is  represented  by  B.     This  must  be  multiplied  by  tiie 

hourly  variation  of  the  sun's  declination,  and  also  by  the  tangent 

of  the  sun's  declination  at  the  time  of  apparent  noon  on  the  given 

day.     The  sum  of  these  two  quantities,  taken  with  their  proper 

signs,  is  the  correction  required. 

An  example  of  the  use  of  this  Table  will  be  found  on  page  129. 

Table  XII.,  pages  374-7,  furnishes  the  angle  of  the  vertical, 
the  logarithm  of  the  earth's  radius,  and  the  length  of  a  degree 
of  the  meridian,  and  also  of  a  parallel  of  latitude  for  every  de- 
gree of  latitude  from  the  equator  to  the  pole.  In  computing  the 
parallax  of  the  moon,  we  must  employ  the  geocentric  latitude, 
which  is  equal  to  the  observed  latitude  minus  the  angle  of  the 
vertical ;  and  we  must  also  employ  the  horizontal  parallax  be- 
longing to  the  place,  which  may  be  found  by  adding  the  loga- 
rithm of  the  horizontal  parallax  at  the  equator  to  the  logarithm 

H  H 
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of  the  earth's  radius,  which  in  Table  XII.  is  set  against  the  given 
latitude.  The  use  of  these  numbers  is  explained  on  pages  184 
and  185. 

The  length  of  a  degree  of  the  meridian  and  of  a  parallel  is 
constantly  needed  in  Greodesy,  and  will  be  frequently  found  use- 
ful to  the  astronomer.  This  Table  is  taken  from  the  Berlin 
Jahrbuch  for  1852  ;  but  the  length  of  a  degree  of  longitude  and 
latitude,  which  is  there  given  in  toises,  has  been  carefully  con- 
verted  into  English  feet,  and  it  is  hoped  will  be  found  correct  to 
the  last  decimal  place. 

Table  XIII.,  page  378,  shows  the  augmentation  of  the  moon's 
semi-diameter  on  account  of  her  apparent  altitude,  computed 
from  the  formula  page  200,  where  its  use  has  also  been  explained. 

Table  XIV.,  page  378,  shows  the  quantity  by  which  the 
moon's  equatorial  horizontal  parallax  must  be  diminished  to  ob- 
tain the  horizontal  parallax  belonging  to  any  other  latitude. 
This  reduction  is  given  for  three  values  of  the  moon's  equatorial 
parallax,  viz.,  53'',  57^,  and  61^ ;  and  for  any  other  value,  the 
equatorial  parallax  may  be  easily  found  by  interpolation.  The 
use  of  this  Table  will  be  understood  from  Art.  210,  page  186. 

Table  XY.,  page  379,  furnishes  the  parallax  of  the  sun  and 
planets  for  all  altitudes  above  the  horizon.  The  horizontal  par- 
allax is  to  be  sought  for  at  the  top  of  the  page,  and  the  altitude 
on  either  the  right  or  left  margin.  If  the  given  horizontal  par- 
allax is  not  found  exactly  in  the  Table,  the  parallax  in  altitude 
may  be  obtained  by  interpolating  between  the  numbers  given  in 
the  Tabic. 

Since  parallax  always  tends  to  diminish  the  true  altitude  of  a  . 
body,  we  must  add  the  parallax  to  the  observed  altitude  in  or- 
der to  obtain  the  true  altitude,  or  we  must  deduct  it  from  the 
observed  zenith  distance  in  order  to  obtain  the  true  zenith  dis-  ' 
tance. 

Table  XYL,  pages  380-3,  furnishes  the  moon's  parallax  in 
right  ascension,  and  also  in  declination  for  Cambridge  Observa- 
tory.    The  form  of  the  Table  is  somewhat  complicated,  as  it  re- 
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quires  three  independent  argaments,  viz.,  the  moon's  declination, 
horizontal  parallax,  and  hour  angle.  The  Table  is  computed  for 
a  declination  of  0°,  5°,  10°,  16°,  20°,  and  26° ;  for  a  horizon- 
tal  parallax  of  53",  57",  and  61" ;  and  for  every  five  or  ten  min- 
utes  of  hour  angle  from  the  meridian.  For  any  value  of  these 
quantities  not  contained  in  the  Table,  a  double  or  triple  int^^- 
lation  may  be  required.  If,  however,  we  neglect  the  second  dif- 
ferences, tills  interpolation  may  be  readily  performed  as  follows : 
Find  what  number  in  the  Table  corresponds  most  nearly  to  the 
given  declination,  horizontal  parallax,  and  hour  angle.  Call  this 
number  the  approximate  parallax,  and  compute  the  correction 
which  should  be  added  or  subtracted  on  account  of  the  variation 
of  the  given  arguments  from  the  arguments  of  the  Table.  This 
method  will  be  understood  from  the  following  example. 

Example.  Required  the  moon's  parallax  in  right  ascension 
and  declination  for  Cambridge  Observatory,  when  the  moon's 
declination  is  19°  68"  9"".4  N.,  the  horizontal  parallax  of  the 
place  60"  14"".7,  and  the  moon's  hour  angle  3h.  47m.  23.50s. 

For  Right  Ascension. 

The  nearest  declination  in  the  Table  is  20°  ;  the  nearest  hori- 
zontal parallax  is  61" ;  and  the  nearest  hour  angle  is  230m.  The 
corresponding  parallax  on  page  381  is  163.47s.  The  given  hour 
angle  is  less  than  230m.  by  2.61m.  To  find  the  correction  for 
2.61m.,  we  form  the  proportion 

10m. :  2.61m. ::  4.62s. :  1.20s. 
The  given  horizontal  parallax  is  less  than  61"  by  45"".3.     To 
find  the  correction  for  45"".3,  we  form  the  proportion 
240"" :  45"".3 ::  10.79s. :  2.03s. 
The  given  declination  is  less  than  20°  by  110"".6.     To  find 
the  correction  for  110'".6,  we  form  the  proportion 
5°  or  18000"" :  110"".6 ::  4.478. :  0.02s. 
The  required  paraUax  will  therefore  be 
163.47s. 
^  1.20s. 
-2.03s. 
-  .02s. 

i60.22s.,  which  corresponds  well  with 
the  result  on  page  250. 
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For  Declination, 

The  approximate  parallax,  found  in  a  similar  manner  from 
page  383,  is  1802''.0,  which  corresponds  to  Deo.  20^  N. ;  hori- 
zontal parallais,  61^ ;  and  hour  angle,  220m.  The  corrections 
for  variation  of  the  proposed  arguments  from  the  preceding  ar- 
guments are  found  by  the  proportions 

20m. :  7.39m. ::   67  ^8 :  25  ^0,  the  correction  for  hour  angle. 

240^' :  45''^3  ::  119  ^7 :  22^^6,  the  correction  for  horizontal 

parallax. 
18000^" :  llO^^.e ::  193^^3 :    1"^2,  the  correction  for  declination. 

The  required  parallax  will  therefore  be 

1802^^0+25^^0-22^^G^-  r^2= 1805^^6, 
which  differs  less  than  a  second  from  the  result  on  page  250, 
and  this  discrepancy  arises  from  our  having  neglected  second 
differences  in  interpolation. 

When  it  is  required  to  compute  a  long  series  of  occultations 
and  eclipses  for  a  particular  place,  it  is  convenient  to  have  a  ta* 
ble  of  parallaxes  like  the  preceding,  and  then  the  subsequent 
computation  occupies  but  a  few  minutes.  With  but  little  addi- 
tional labor,  this  Table  might  be  very  much  expanded,  so  that 
the  parallaxes  for  any  arguments  might  be  taken  out  by  mere 
inspection. 

Table  XYIL,  page  384,  contains  the  angles  formed  by  the 
intersection  of  a  vertical  circle  and  hour  circle  for  every  degree 
of  declination  from  29°  north  to  29°  south,  and  for  every  ten 
degrees  of  hour  angle  from  the  meridian  to  the  horizon.  A 
knowledge  of  these  angles  is  convenient  in  all  observations  of  the 
moon,  out  of  the  meridian,  but  especially  in  observing  eclipses 
and  occultations.  The  method  of  computing  this  Table  has  been 
explained  in  Art.  145.  Every  astronomer  will  find  it  conven- 
ient to  compute  a  similar  table  for  his  own  observatory. 

Table  XVIIL,  page  385,  shows  the  correction  to  be  added  to 
the  moon's  declination  in  computing  an  occultation  or  eclipse. 
The  reason  of  this  correction  has  been  explained  in  Art  228. 
The  declination  of  the  moon  is  given  to  every  half  degree  in  the 
first  column,  and  the  difference  of  right  ascension  between  the 
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moon  and  star  in  the  case  of  an  occultation,  or  between  the  moon 
and  sun  in  the  case  of  a  solar  eohpse,  is  given. at  the  top  of  the 
page,  to  every  five  minutes  of  arc. 

Table  XIX.,  pages  38&-7,  shows  the  semi-diurnal  arc,  or  the 
interval  of  time  employed  by  the  sun  or  a  star  in  passing  from 
the  horizon  to  its  point  of  culmination,  and  vice  versa^  accord- 
ing to  its  declination  and  the  latitude  of  the  place.  These  val- 
ues have  been  computed  from  formula  (2),  page  114,  without 
considering  the  effect  of  refraction,  which  would  increase  the 
duration  two  or  three  minutes,  and  sometimes  more  than  this. 
The  latitude  of  the  place  is  given  at  the  top  of  the  page,  and  the 
declination  of  the  star  in  the  first  vertical  column.  The  num- 
bers in  this  Table  are  to  be  subtracted  from  the  time  of  meridian 
passage  for  risings  and  added  to  the  time  of  merijjian  passage 
for  settings  as  in  the  following  examples : 

Example  1.  Required  the  mean  time  of  setting  of  the  planet 
Venus,  July  5,  1855,  at  New  Haven,  lat.  41°  IS'',  the  declina- 
tion of  the  planet  being  13°  3(K  N. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  3h.  9m. 
Semi-diurnal  arc  for  lat  41°  18^  and  dec.  13°  30^  N. 

(page  387) 6h.  49m. 

Venus  sets  July  5th,  1855 9h.  58m. 

Example  2.  Required  the  mean  time  of  rising  of  the  planet 
Jupiter,  July  5,  1855,  at  New  Haven,  the  declination  of  the 
planet  being  11°  4CK  S. 

Meridian  passage  July  5,  by  Nautical  Almanac  .  .  .  15h.  24m. 
Semi-diurnal  arc  for  lat.  41<^  18^  and  dec.  11°  4(y  S. 

(page  387) 5h.  18m. 

Jupiter  rises  July  5th,  1855 lOh.    6m. 

This  Table  is  designed  for  northern  latitudes,  but  it  is  equally 
applicable  to  southern  latitudes  by  changing  the  declination  of 
the  star  from  N.  to  S.,  and  vice  versa. 

Table  XX.,  page  388,  contains  a  comparison  of  French  mil- 
limeters with  English  inches,  and  will  be  found  convenient  for 
reducing  French  measures  into  English.  It  is  deduced  from  the 
assumption  that  the  French  metre  at  the  freezing  point  is  equal 
to  39.37079  English  inches  at  the  temperature  of  62°  Fahren- 
heit ;  the  standard  temperature  of  the  French  scale  being  82^ 
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Fahrenheit,  and  that  of  the  English  scale  being  62^  Fahrenheit 
This  is  the  result  given  by  Captain  Kater  in  the  Philosophioal 
Transactions  for  1818,  page  109.  The  table  of  proportional  parts 
in  the  last  column  gives  the  value  of  tenths  of  a  millimeter  in 
English  inches,  and  will  serve  for  hundredths  by  removing  the 
decimal  point  one  place  to  the  left. 

The  relation  of  the  metre  to  the  yard  adopted  by  the  United 
States  Coast  Survey  is, 

1  metre  =1.0935696  yards,  or  39.3685  United  States  standard 
inches. 

Table  XXL,  page  389,  enables  ns  to  oonvert  English  inches 
into  millimeters,  and  is  derived  from  the  same  data  as  the  pre- 
ceding Table.  The  table  of  proportional  parts  in  the  last  column 
gives  the  values  of  hundredths  of  an  inch  in  millimeters,  and  will 
serve  for  thousandths  by  removing  the  decimal  point  one  place 
to  the  left. 

Tablk  XXII.,  pages  390-1,  is  designed  for  computing  the  dif- 
ference in  the  heights  of  two  places  by  means  of  the  barometer. 

This  Table  was  computed  from  the  formula  of  Laplace,  modi- 
fied in  accordance  with  the  results  of  more  recent  determinations. 

Suppose  that  wo  have  observed 

!H,  the  height  of  the  barometer. 
T,   the  temperature  of  the  barometer. 
/,     the  temperature  of  the  air. 
!A',  the  height  of  the  barometer. 
T',  the  temperature  of  the  barometer. 
t\    the  temperature  of  the  air. 
Represent  by  s  the  height  of  the  lower  station  above  the  level 
of  the  sea,  by  L  the  latitude  of  the  place,  and  by  A  the  observed 
height,  h\  reduced  to  the  temperature  T. 

The  difference  of  level,  a:,  between  the  two  stations  is  given 
by  the  formula  : 


a;=60158.6ftlog.5x 


V  900     J 

(1+0.00265  COS.  2L) 

/       a:+52251     s ^ 

A      20888629"*"  10444315  J 


Explanation  of  the  Tables.      487 

But  h  represents  the  height  h\  reduced  from  the  temperature 
T^  to  the  temperature  T.  The  expansion  of  mercury  for  1° 
Fahrenheit  is  0.0001000 ;  that  of  ^e  brass,  which  forms  the 
scale  of  the  barometer,  is  0.0000104 ;  the  difference  is  0.000089G 
Hence  we  have    A=:A^{1+0.0000896(T-T0}. 

Therefore, 

60158.6  ft.  log.  5=60158.6  ft.  log,  5-2.3409  ft.  (T-T'). 

Fart  I.  of  the  Table  furnishes  in  English  feet  the  value  of  the 
expression  60158.6  log.  H  for  heights  of  the  barometer  from  11 
to  31  inches ;  only  they  have  all  been  diminished  by  the  con- 
stant 27541.5  feet,  which  does  not  change  the  difference, 
60158.6  log  H- 60158.6  log  A. 

Fart  II.  furnishes  the  correction  -2.3409(T— T^,  depending 
upon  the  difference  T— T^  of  the  temperatures  of  the  barometers 
at  the  two  stations.  This  correction  is  generally  negative.  It 
would  be  positive  if  T— T^  were  negative;  that  is,  if  the  tem- 
perature T^  of  the  barometer  at  the  upper  station  exceeded  the 
temperature  T  at  the  lower  station. 

Fart  IIL  gives  the  correction  A  x  0.00265  cos.  2L,  to  be  ap- 
plied to  the  approximate  altitude  A,  and  which  arises  from  the 
variation  of  gravity  from  the  latitude  of  45  degrees  to  the  lati- 
tude L  of  the  place  of  observation.  This  correction  has  the  same 
sign  as  cos.  2L ;  that  is,  it  is  positive  from  the  equator  to  45  de- 
grees, and  negative  from  45  degrees  to  the  pole. 

A  4- 52251 
Fart  IV.  gives  the  correction  A. ^^^-^q^— ^,  which  is  always 

Z\JOOO\>4i>V 

to  be  added  to  the  approximate  height  A,  and  which  is  due  to 

the  diminution  of  gravity  on  the  vertical. 

Fart  Y.  furnishes  for  the  approximate  di£ference  of  level.  A,  the 
g 
small  correction  A .  T7rrrr?rr^i  corresponding  to  several  values 
10444315  '^         ^ 

of  the  height  s  of  the  lower  station.     But  in  place  of  s*  there 

has  been  substituted,  as  the  argument  of  the  table,  the  height 

H  of  the  barometer  at  this  station. 

Method  of  Computation. 

Take  from  Fart  I.,  page  390,  the  two  numbers  corresponding 
to  the  observed  barometric  heights  H  and  h\    From  their  differ- 
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enoe  subtract  the  correction  2.3409(T— T'),  found  in  Part  II., 
with  the  difference  T— T'  of  the  thermometers  attached  to  the 
barometers.     We  thus  obtain  an  approximate  altitude,  a. 

We  then  calculate  the  correction  a .  — ^^ —  for  the  temper- 

yOU 

ature  of  the  air,  by  multiplying  the  nine  hundredth  part  of  a  by 

the  sum  of  the  temperatures  t  and  /^,  diminished  by  64.     This 

correction  is  of  the  same  sign  as  ^+/^— 64.     We  thus  obtain  a 

second  approximate  altitude,  A. 

With  A  and  the  latitude  of  the  place,  L,  we  seek,  in  Part  IIL, 
the  correction  A  x  0.00265  cos.  2L,  arising  from  the  variation  of 
gravity  with  the  latitude. 

For  the  approximate  height  A,  Part  IV.  gives  the  correction 

-^  ^  orkQQQgon>  arising  from  the  diminution  of  gravity  on  a  vert- 

ical.     This  correction  is  always  additive. 

Finally,  when  the  height,  s,  of  the  lower  station  is  considera- 

ble,  the  small  correction  A  x  ^^^  .^^^^  may  be  found  in  Part  V. 
'  10444315       ^ 

This  correction  is  always  additive. 

Example  1.  M.  Humboldt  made  the  following  observations 

on  the  mountain  of  Gruanaxuato,  in  Mexico,  in  latitude  21^,  viz.  • 

iTntM*r  fit.fiAtt  Lower  Station, 

Upper  Station.         q^  ^^^  ^^  ^  ^^^^ 

Thermometer  in  open  air    ,  .  ,  f"  =70.3  t  =77.5 

Thermometer  to  barometer   .  .  T^=70.3  T=77.5 

Barometer // =23.660         H= 30.046 

What  was  the  difference  in  the  height  of  the  two  stations  ? 

(for  H=30.046  inches  27649.7 

l^art  1.  gives  |  ^^^  4/ =323.660  inches  21406.9 

Difference  .  .  .  6242.8 
Part  II.  gives  for  T-T^=7.2o  -16.9 

Approximate  altitude,  a 6225.9 

a 


(^+//^64)=6.918  X  83.80  +579.7 

yuu 

Second  approximate  altitude,  A  .  .  6805.6 
Partlll.  gives  for  A =6806,  and  L=21o  +  13.3 

Part  IV.  gives  for  6806  +  19.3 

Height  above  the  s-^a 6838.2  feet 
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Example  2.  M.  Gay  Lussao,  in  his  celebrated  balloon  ascent 
in  1805,  found  his  barometer  to  indicate  12.945  English  inches, 
the  temperature  being  14.9®  Fahrenheit.  The  barometer  at 
Paris  at  the  same  time  indicated  30.145  English  inches,  with  a 
temperature  of  87.44°  Fahrenheit.  Required  the  elevation  of 
the  balloon  above  Paris. 


^    _     .       (  for  H= 30.145  inches 
P"*  ^- 8^^^  1  for  A'= 12.945  inches 

Difference  .  .  . 
Part  II.  gives  for  T-T'=72.54«> 

Approximate  altitude,  a 

27735.6 

5650.4 

.  22085.2 

-169.9 
,  21915.3 

^{t+V    64) -24.35x38.34° 
900 

+933.6 

Second  approximate  altitude,  A  . 
Part  m.  gives  for  A=22848,  and  L=48°  50' 
Part  IV.  gives  for  22848 

Height  of  balloon  above  Paris  .  . 

,  22848.9 
-  8.2 
+82.1 
22922.8  feet 

Table  XXIIL,  pages  392-^,  furnishes  the  coefficients  for  in- 
terpolation by  differences.  The  Table  on  page  392  contains  the 
values  of  the  coefficients  for  interpolation  by  BessePs  formula, 
given  in  Art.  223.  Column  first  contains  the  values  of  ^  to  each 
hundredth  of  unity.     Column  second  contains  the  values  of  the 

factor  t .  —  -    for  each  value  of  t  contained  in  the  first  column. 

Column  third  contains  the  values  of  the  factor  ^  ~"o  q~  ^^^ 
each  value  of  t  contained  in  the  first  column.  Column  fourth 
contains  the  values  of  the  factor  ^ '  ^  "o~  i  "i  ^"^  column 

fifth  contains  the  values  of  the  factor  ^ LLZL 'J  Zl  jAjzAl 

2.3.4.5 

for  each  value  of  t  contained  in  the  first  column. 

The  coefficients  of  the  second  differences  are  negative ;  the 

coefficients  of  the  third  differences  are  positive  for  values  of  t 

less  than  one  half,  and  negative  for  values  of  t  greater  than  one 

half.     The  coefficients  of  the  fourth  differences  are  invariably 

positive ;  the  coefficients  of  the  fifth  differences  are  negative  for 

values  of  t  less  than  one  half,  and  positive  for  values  of  t  greater 
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than  one  half.  The  mode  of  using  this  Table  has  been  explain- 
ed m  Art.  223. 

The  Table  on  page  393  contains  the  values  of  the  coeffioients 
/(^,lM(^^l)(^^2)^(^-l)(^^2)(^-3)         ^ 

f,      2     > 273        '  27374  '       '  '  ^^ 

the  same  as  the  coefficients  of  the  binomial  formula,  are  called 
binomial  coefficients,  to  distinguish  them  from  Bessel's  coeffi- 
cients on  page  392.  Columns  first  and  second  are  the  same  as 
on  page  392.     Column  third  contains  the  values  of  the  factor 

""o   o""      ^^'  ®^^^  value  of  t  cont«dned  in  the  first  column, 

and  the  subsequent  columns  are  constructed  in  a  similar  man- 
ner. The  coefficients  for  the  odd  differences  are  positive,  vrhile 
those  for  the  even  differences  are  negative.  The  mode  of  using 
this  Table  has  been  explained  in  Art.  220. 

Table  XXIV.,  pages  394-6,  contains  the  logarithms  of  the 
coefficients  for  interpolation  by  Bessel's  formula  for  every  five 
minutes,  the  unit  of  time  being  supposed  to  be  12  hours.  This 
Table  is  firom  Sawitsch's  Practischen  Astronomic,  and  its  use 
has  been  explained  on  page  208. 

Table  XXV.,  page  397,  enables  us  to  convert  degrees  of  the 
centesimal  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

g 
ed  on  the  equation,  a;°  centesimal = (32° +  -a;°)  Fahrenheit. 

o 

Table  XXVL,  page  397,  enables  us  to  convert  degrees  of 
Reaumur's  thermometer  into  degrees  of  Fahrenheit.    It  is  found- 

g 
ed  on  the  equation,  a;°  Reaumur = (32° +-a;o)  Fahrenheit. 

Table  XXYIL,  page  398,  shows  the  height  of  the  barometer 
corresponding  to  temperatures  of  boiling  water  firom  185°  to  214° 
Fahrenheit.  The  temperature  at  which  water  boils  in  the  open 
air  depends  upon  the  weight  of  the  atmospheric  column  above 
it,  and  under  a  diminished  barometric  pressure  the  water  will 
boil  at  a  lower  temperature.  Since  the  weight  of  the  atmos- 
phere decreases  with  the  elevation,  it  is  evident  that,  in  ascend- 
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ing  a  mountain,  the  higher  the  station  the  lower  will  be  the 
temperature  at  whioh  water  boils.  Henoe,  if  we  knew  the  height 
of  the  barometer  corresponding  to  the  temperature  of  boiling  wa- 
ter, we  could  measure  the  altitude  of  a  mountain  by  observing 
the  temperature  at  which  water  boils.  Table  XXVII.  is  de- 
rived from  a  Table  by  Regnault,  published  in  the  Annales  de 
Physique  et  de  Chimie,  t.  xiv.,  p.  206.  In  Regnault's  Table 
the  temperature  is  expressed  in  centigrade  degrees,  and  the 
height  of  the  barometer  in  millimeters.  I  have  deduced  from 
this  a  new  Table,  in  whioh  the  temperature  is  expressed  in  de- 
grees of  Fahrenheit,  and  the  height  of  the  barometer  in  English 
inches. 

Table  XXVIIL,  page  399,  contains  the  depression  of  mercury 
in  glass  tubes  on  account  of  capillarity,  according  to  several  dif- 
ferent authorities. 

Table  XXIX.,  page  399,  contains  the  factors  by  which  the 
difference  of  readings  of  the  dry-bulb  and  wet-bulb  thermome- 
ters must  be  multiplied  in  order  to  produce  the  difference  be- 
tween the  readings  of  the  dry-bulb  and  dew-point  thermome- 
ters. These  factors  are  derived  from  a  long  series  of  observa- 
tions made  at  the  Grreenwich  Observatory,  and  enable  us  to  con- 
vert observations  made  with  the  wet-bulb  thermometer  into  ob- 
servations made  with  Daniell's  hygrometer. 

Example  1.  The  temperature  of  the  air  being  81.3^,  and  that 
of  the  wet-bulb  being  68.9^,  it  is  required  to  determine  the  dew- 
point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  12.4°,  which,  multiplied  by  1.6,  gives  18.6°,  which  is  the 
difference  between  the  dry-bulb  and  dew-point  thermometers. 
Hence  the  dew-point  was  at  62.7°. 

Example  2.  The  temperature  of  the  air  being  46.9°,  and  that 
of  the  wet-bulb  thermometer  44.2°,  it  is  required  to  determine 
the  dew-point. 

The  difference  between  the  dry  and  wet  bulb  thermometers 
is  2.7°,  which,  multiplied  by  2.2,  gives  6.9°.  Henoe  the  dew- 
point  was  at  41.0°. 
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Table  XXX.,  pages  400-459,  is  a  Catalogue  of  loOO  starsi 
derived  chiefly  from  the  Catalogue  of  the  British  Association. 
This  Catalogue  contains  all  the  stars  of  the  British  Association 
Catalogue  to  the  fifth  magnitude  inclusive,  and  about  a  dozen 
stars  of  the  magnitude  five  and  a  half,  situated  within  a  few 
degrees  of  the  north  pole. 

Column  first,  on  the  left-hand  page,  contains  the  number  of 
the  star  in  this  Catalogue ;  column  second  contains  the  equiva- 
lent number  in  the  Catalogue  of  the  British  Association ;  column 
third  contains  the  name  of  the  constellation  to  which  the  star 
belongs,  together  with  Flamsteed's  numbers  and  Bayer's  letters, 
according  to  the  British  Association  Catalogue ;  column  fourth 
contains  the  magnitude  of  the  star  according  to  the  same  Cata- 
logue ;  column  fifth  contains  its  right  ascension  on  the  1st  of 
January,  1850 ;  column  sixth  contains  the  annual  variation  of 
the  right  ascension,  and  includes  proper  motion  where  it  exists ; 
column  seventh  contains  the  north  polar  distance  on  the  1st  of 
January,  1850 ;  and  column  eighth  contains  the  annual  varia- 
tion of  polar  distance,  including  proper  motion. 

On  the  right-hand  page,  column  first  containR  the  number  of 
the  star  repeated  from  the  former  page ;  the  next  four  columns 
contain  the  logarithms  of  the  factors  a,  bj  c,  and  d^  for  computing 
the  reduction  from  the  mean  to  the  apparent  right  ascension ; 
while  the  last  four  columns  contain  the  logarithms  of  the  factors 
a%  b\  &y  and  d'^  for  computing  the  reduction  from  the  mean  to 
the  apparent  polar  distance.  All  the  numbers  on  each  page  are 
copied  from  the  British  Association  Catalogue,  with  the  excep- 
tion of  the  right  ascensions  and  polar  distances  of  such  of  tlio 
stars  as  are  contained  in  the  Q-reenwich  twelve-year  Catalogue. 
The  places  of  such  stars  have  been  carefully  reduced  from  the 
years  1840  and  1845  to  1850,  and  are  distinguished  from  other 
numbers  in  the  same  colunms  by  an  asterisk. 

In  a  few  cases,  in  which  the  Greenwich  twelve-year  Cata- 
logue differs  considerably  from  the  British  Association  Catalt^e, 
the  results  of  the  most  recent  observations  at  Grreenwich  have 
been  combined  with  former  ones,  to  obtain  the  mean  places 
which  are  incorporated  in  this  Table. 

The  mode  of  deducing  the  apparent  places  of  the  stars  from 
their  mean  places  has  been  explained  on  page  220. 
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Table  XXXL,  page  460,  contains  tlie  seoular  variation  of  the 
annual  precession  in  right  ascension  for  the  stars  of  Table  XXX. 
whenever  this  variation  exceeds  0.035s.  The  annual  precession 
of  a  star  does  not  remain  the  same  for  a  long  period  of  time,  but 
undergoes  a  slight  increase  or  decrease  from  year  to  year.  As 
this  annual  change  of  the  precession  is  generally  small  in  amount, 
and  constant  for  a  very  long  period,  it  is  commonly  known  by 
the  name  of  the  secular  variation ;  for,  when  inserted  in  ta- 
bles, as  on  page  460,  it  is  usually  multiplied  by  100,  for  the 
sake  of  a  convenient  arrangement  of  the  figures. 

Assuming,  therefore,  the  annual  variation  of  a  star  in  the 
Catalogue  to  be  denoted  by  Y  (which  is  equal  to  the  sum  of  the 
annual  precession  and  the  proper  motion),  the  secular  variation 
by  S,  the  change  of  position  in  the  star  (either  in  right  ascension 
or  north  polar  distance,  as  the  case  may  be)  on  January  1st 
(1860+y),  will  be  expressed  by 

(V+lQQxi3/)xy, 

where  y,  which  denotes  the  number  of  years  from  1850,  must 
be  assumed  +  after,  and  —  before,  that  epoch.  And  in  this 
manner  the  mean  place  of  a  star  should  be  brought  up  firom 
the  epoch  1850  to  the  commencement  of  any  other  required  year 
before  we  apply  the  annual  correction  for  precession,  aberration, 
and  nutation.  But  for  most  stfiurs,  when  the  period  is  not  very 
long,  the  secular  variation  may  be  omitted. 

Example.  It  is  required  to  find  the  mean  right  ascension  of 
star  46,  on  page  400,  for  January  1,  1860. 

Here  y = 10  years.     Hence  ^       =  }. 

From  page  460,  S=+ 1.2222s.,  and  |=+ 0.61s. 

/& 

Hence  we  have  the  following  results : 

Mean  right  ascension  January  1,  1850   .  Oh.  49m.    9.55s. 

Variation  in  10  years +lm.    7.16s. 

Correction  for  secular  variation +  0.61s. 

Mean  right  ascension  January  1, 1860    .  Oh.  50m.  17.32s. 

Table  XXXII.,  page  461,  contains  the  secular  variation  of  the 
annual  precession  in  north  polar  distance  for  all  stars  in  Table 
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XXX.  whenever  this  variation  amounts  to  0^^.43.     This  Table 
is  to  be  used  in  the  same  manner  as  the  preceding. 

Example.  It  is  required  to  find  the  mean  north  polar  distance 
of  star  300,  page  410,  for  January  1,  1860. 

Here  ^^^^-l 

^"'^"loo"-*- 

From  page  461,  S=  +  r^367,  and  %=  +0^^7. 

Hence  we  have  the  following  results : 

Mean  north  polar  distance  January  1, 1860  .  10^  bT  2i^^.2 

Variation  in  10  years — 54"'.2 

Correction  for  secular  variation +  0^^.7 

Mean  north  polar  distance  January  1, 1860  .  10°  66^  30^^  7 
For  most  of  the  stars,  the  secular  variation  of  precession  is  in* 
appreciable,  except  for  long  intervals  of  time. 

Table  XXXIIL,  page  462,  contains  the  principal  elements  of 
the  planetary  system,  taken  chiefly  from  Madler^s  Populare  As- 
tronomic, vierte  Auflage.  I  have  substituted  the  English  de- 
nominations for  measures  of  length,  in  place  of  the  foreign  de- 
nominations of  Madler,  and  have  substituted  more  recent  ele- 
ments of  Neptune.  Several  of  the  numbers  in  Madler's  Table 
have  been  changed  in  accordance  with  what  were  considered  to 
be  the  best  authorities. 

Table  XXXIY.,  page  463,  contains  the  elements  of  the  satel- 
lites of  the  primary  planets.  The  elements  of  the  moon  were 
derived  from  "Bailey's  Astronomical  Tables  and  Formulae." 
Those  of  Jupiter's  satellites  were  derived  from  Madler's  Astro- 
nomic ;  those  of  Saturn's  sateUites  were  derived  chiefly  from 
Madler,  modified  in  some  instances  by  comparison  witli  Her-I 
schePs  Astronomy  and  Hind's  Solar  System.  The  elements  of 
the  satellites  of  Uranus  were  derived  by  myself  chiefly  from  the 
observations  of  Lassell ;  and  those  of  the  satellite  of  Neptune 
were  derived  from  Hind's  Solar  System* 

Table  XX XV.,  pages  464-6,  contains  the  elements  of  66  as- 
teroids. These  elements  were  mostly  derived  from  the  Amer- 
ican Nautical  Almanac  for  1861.     Pages  498-9  contain  the 
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elements  of  the  asteroids  most  recently  discovered.  These  ele- 
ments were  derived  partly  from  the  Supplement  to  the  English 
Nautical  Almanac  for  1868,  and  partly  from  recent  numbers 
of  Peters's  Astronomische  Nachrichten. 

Table  XXXVL,  pages  466-7,  furnishes  the  constants  for  ob- 
taining with  the  greatest  accuracy  the  sines  and  tangents  of 
arcs  not  exceeding  two  degrees.  The  column  headed  log.  sin. 
A— log.  kf'  furnishes  the  difference  between  the  logarithmio 
sine  of  the  arc  given  in  the  adjacent  column,  and  the  logarithm 
of  that  arc  expressed  in  seconds.     Thus, 

The  logarithmic  sine  of  0°  40^  is 8.06577631 

The  logarithm  of  2400^^( =400  is 3^021124 

The  difference  is 4.68556507 

This  is  the  number  found  on  page  466,  under  the  heading  log. 
sin.  A— log.  A''^,  opposite  0°  40^;  and  in  a  similar  manner  the 
other  numbers  in  the  Table  were  obtained.  These  numbers 
vary  quite  slowly  for  two  degrees  ;  and  hence,  to  find  the  loga- 
rithmic sine  of  an  arc  not  exceeding  two  degrees,  we  have  but 
to  add  the  logarithm  of  the  arc  expressed  in  seconds  to  the  ap-^ 
propriate  number  found  in  this  Table. 

Required  the  logarithmic  sine  of  0°  24^  22^^57. 

Tabular  number  from  page  466 4.6855712 

The  logarithm  of  1462^^57  is 3.1651167 

The  logarithmic  sine  of  0^  24^  22^^57  is  ...  .  7.'850~6~879 

The  logarithmic  tangent  of  an  arc  not  exceeding  two  degrees 
is  found  in  a  similar  mannert 

The  same  Table  enables  us  to  find  the  arc  corresponding  to  a 
given  logarithmic  sine  or  tangent.  If  from  the  given  logarith- 
mic sine,  we  subtract  the  corresponding  tabular  number  on  page 
466,  the  remainder  will  be  the  logarithm  of  the  arc  expressed  in 
seconds. 

Required  the  arc  corresponding  to  the  logarithmic  sine 
7.0000000.  We  find  from  page  466  that  the  arc  must  be 
nearly  3^ ;  the  corresponding  tabular  number  on  page  466  is 
4.6855748. 

The  difference  is  2.3144252, 

which  is  the  logarithm  of  206.265. 

Hence  the  required  arc  is  3^  26^^.265. 
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In  the  same  manner  we  may  find  the  arc  corresponding  to  a 
logarithmic  tangent. 

The  numbers  in  Table  XXXYI.  are  given  to  8  decimal  places, 
in  order  that  we  may  be  sure  of  getting  the  seventh  figure  cor- 
rect to  the  nearest  decimal ;  it  will  be  of  no  use,  however,  to 
retain  the  eighth  figure  in  our  computations,  unless  we  employ 
logarithmic  tables  of  more  than  seven  decimal  places. 

Table  XXXYII.,  page  468,  contains  a  miscellaneous  collec- 
tion of  numbers  which  are  most  frequently  employed  in  compu* 
tations.  They  are  derived  chiefly  from  Shortrede's  Logarithmic 
Tables. 


CATALOGUE  OF  ASTRONOMICAL  INSTRUMENTS  BY  SEV- 
ERAL DIFFERENT  MAKERS,  WITH  THEIR  PRICES. 

Telescopes  dy  Alvan  Clark  and  StmSy  of  Camhndgeport^  Mass, 

No»  1.  Achromatio  telescope  of  36  inches  ^>ertare,  designed  for 
the  Lick  Observatoiy  of  California.  This  telescope  is  unfinished 
^1881).  The  observatory  is  located  on  Mount  Hamilton,  4250  feet 
above  the  level  of  the  sea,  and  is  13  miles  east  of  San  Jos6  in  an 
air  line. 

No.  2.  Achromatic  telescope  of  30  inches  aperture,  for  the  Russian 
Grovemment,  and  designed  for  the  Pulkova  Observatory.  Unfinished 
(1881). 

No.  3.  Achromatic  telescope  of  26  inches  aperture  and  389  inches 
focal  length,  with  four  negative  eye-pieces,  magnifying  155,  439,  863, 
and  1360  times;  and  sixteen  positive  eye-pieces,  magnifying  173, 284, 
390,  392,  400,  585,  606,  636,  761,  780,  875,  888,  1103,  1282,  1560, 
and  1802  times.  The  hour  circle  is  divided  to  one  minute  of  time, 
and  is  read  by  two  microscopes  to  one  second  of  time ;  the  declina- 
tion  oirde  is  divided  to  five  minutes  of  arc,  and  can  be  read  by  two 
verniers  to  12''  of  arc  It  has  two  finders,  one  of  which  has  an  ape^ 
ture  of  5  inches  and  a  focal  length  of  6  feet,  with  two  eye-pieces, 
magnifying  30  and  75  times;  the  other  finder  has  an  aperti^.j  of  2 
inches  and  a  focal  length  of  21  inches,  magnifying  12  times.  The 
driving  clock  is  moved  by  water  from  the  city  works,  and  secures 
an  equable  motion  in  right  ascension.  This  telescope  was  made  for 
the  United  States  Naval  Observatory  at  Waabington,  D.  C. 

Price  $38,000. 

No.  4.  Achromatic  telescope  of  26  inches  aperture,  similar  to  No. 
3.  This  telescope  was  ordered  by  L  J.  McCormick,  of  Chicago,  and 
is  designed  for  the  observatory  at  the  University  of  Virginia. 

No.  5.  Achromatic  telescope  of  23  inches  aperture  and  30  feet  focal 
length,  designed  for  the  observatory  at  Princeton,  N.  J.  It  is  ex- 
pected to  be  completed  this  year  (1881). 

No.  6.  Achromatic  telescope  of  18^  inches  aperture  and  23  feet 
focal  lengtli,  with  four  negative  eye-pieces,  magnifying  135, 225, 450, 
and  900  times,  and  five  positive  eye-pieces,  magnifying  120, 190,  287, 
385,.  and  900  times*    The  hour  circle  b  22  inches  in  diameter,  di- 

Ii 
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vided  to  one  minate  of  time,  and  is  read  by  microscopes  to  one  sec- 
ond of  time.  The  declination  circle  is  30  inches  in  diameter,  divided 
to  five  minutes  of  arc,  and  reading  by  two  microscopes  to  10"  of 
arc.  It  has  a  driving  clock,  micrometer,  etc.  The  object-glass  cost 
$11,187,  and  the  mounting  $7000.  This  telescope  was  made  for  the 
Dearborn  Observatory,  Chicago,  111.  With  this  instrument  Mr.  Alvan 
Clark  discovered  the  minute  companion  of  Sirius  in  January,  1862, 
for  which  discovery  the  Lalande  prize  was  awarded  by  the  ImperiaJ 
Academy  of  Sciences  at  Paris. 

No.  7.  Achromatic  telescope  of  16  inches  aperture  and  23  feet  focal 
length,  with  magnifying  powers  from  45  to  2000.  Made  for  tho 
Warner  Observatory,  Rochester,  N.  Y. 

No.  8.  Achromatic  telescope  of  16^  inches  aperture,  for  the  Wash- 
burne  Observatory,  Madison,  Wis. 

No.  0.  Achromatic  telescope  of  12  inches  aperture,  for  the  Lick 
Observatory  of  California. 

No.  10.  Achromatic  telescope  of  12  inches  aperture,  for  the  Wes- 
leyan  University,  Middletown,  Conn. 

No.  11.  Achromatic  telescope  of  12  inches  aperture,  with  eye-pieces, 
magnifying  from  50  to  1000  times.  Belongs  to  the  Morrison  Ob- 
servatory, Glasgow,  Mo.,  1876. 

No.  12.  Achromatic  telescope  of  12  inches  aperture.  Made  for  the 
Imperial  Observatory  of  Vienna,  Austria,  1876. 

No.  13.  Achromatic  telescope  of  12  inches  aperture.  Belongs  to 
Prof.  Henry  Draper,  of  Hastings,  N.  Y.,  1876. 

No.  14.  Achromatic  telescope  of  12  inches  aperture,  with  eye-pieces, 
magnifying  from  200  to  600  times.  Belongs  to  Vassar  College  Ob- 
servatory, Ponghkeepsie,  N.  Y. 

No.  15.  Achromatic  telescope  of  12  inches  aperture.  Belongs  to 
Mr.  S.  V.  White,  of  Brooklyn,  N.  Y. 

The  following  are  the  prices  for  equatorial  telescopes,  including 
circles,  driving  clock,  and  micrometer,  with  heavy  stand  to  be  mount- 
ed under  a  dome : 

16  inches  aperture,  910,000    1    8  inches  apertnre,  $2700 
12      "  "  6,000    16"  "  1800 

The  following  are  the  prices  for  glasses  in  the  cell : 


15  inches,  $6400 
X8|  "  4800 
12  **  3200 
10}      "         2400 


9i  inches,  $1600 
8f  "  1200 
7i       "  800 

7         "  600 


6i  inches,  $400 
6|  "  800 
6  "  200 
4}      ''         150 


Telescopes  and  Transit  Instruments  by  Fauth  and  Co,,  Washington,  D.  C, 

1.  Equatorial  telescope,  object-glass  10  inches  clear  aperture,  with 

eighteen  eye-pieces,  large  hour  circle  divided  on  silver  and  reading  with 
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two  verniers  and  microscopes ;  large  declination  circle  on  lower  end  of 
axis,  divided  on  silver  and  reading  with  two  verniers  and  microscopes ; 
improved  position  micrometer  with  parallactic  eye-piece  movement — 
the  position  circle  is  divided  on  silver  and  reads  by  two  verniers  to 
minntes ;  delicate  striding  level  to  go  over  declination  axis ;  driving 
clock  with  conical  pcndalum  connected  with  polar  axis ;  illuminating 
apparatus  to  illuminate  the  wires  only,  etc.  Price  $5500. 

2.  Equatorial  telescope,  object-glass  9  inches  clear  aperture,  with 
fifteen  eye-pieces.     Mounted  like  No.  1.  Piice  $4000. 

3.  Equatorial  telescope,  object-glass  8  inches  clear  aperture,  with 
twelve  eye-pieces.     Mounted  like  No.  1.  Price  $3000. 

4.  Equatorial  telescope,  object-glass  7  inches  clear  aperture,  with  ten 
eye-pieces.     Mounted  like  No.  1.  Price  $2500. 

5.  Equatorial  telescope,  object-glass  6  inches  clear  aperture,  with 
eight  eye-pieces.     Mounted  like  No.  1.  Price  $1800. 

6.  Equatorial  telescope,  object-glass  5  inches  clear  aperture,  with  six 
eye-pieces.     Mounted  like  No.  1.  Price  $1100. 

7.  Transit  circle,  with  telescope  of  8  feet  focal  length  and  6  inches 
aperture.  The  axis  carries  two  circles,  each  3  feet  in  diameter,  one 
of  them  divided  on  silver  to  5',  and  read  by  four  microscopes  to  sin- 
gle seconds.  The  other  circle  serves  as  a  setter.  A  level  of  the  best 
quality  reading  to  single  seconds  is  placed  over  the  axis.  Six  micro- 
metrical  eye-pieces  and  one  diagonal  eye-piece.  Price  $3000. 

8.  Transit  circle,  with  telescope  5  inches  aperture  and  circles  2^  feet 
in  diameter,  reading  with  four  microscopes.     Four  eye-pieces,     y  ' 

Price  $2200. 

9.  Transit  circle,  with  telescope  4  inches  aperture  and  circles  20 
inches  in  diameter.     In  other  respects  like  No.  7.         Price  $1900. 

10.  Transit  instrument,  same  as  No.  7,  without  the  large  circles  and 
reading  microscopes,  has  two  6-inch  setting  circles  attached  near  the 
eye-end.  Price  $1850. 

11.  Transit  instrument,  same  as  No.  8,  without  the  large  circles. 

Price  $1500. 

12.  Transit  instrument,  same  as  No.  9,  without  the  large  circles. 

Price  $1240. 

Telescopes  and  Transit  Instruments  by  Messrs.  T,  Cooke  and  Sons, 
York,  England, 

1.  Equatorial  telescope,  object-glass  10  inches  aperture,  with  eight 
eye -pieces,  the  two  lowest  of  the  Kellner  construction,  and  six 
Huyghenian,  ranging  from  50  to  800 ;  six  sun-shades ;  double  parallel 
wire  micrometer  with  six  eye-pieces ;  large  position  circle  at  the  eye- 
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end  of  the  tube,  graduated  on  silver,  and  read  with  two  vemiers  and 
niicroacopes ;  laige  declination  circle  with  vemiers,  graduated  on  silver, 
and  read  by  microscopes  from  the  eye-end ;  hour  circle,  graduated  on 
silver,  with  two  sets  of  divisions  and  vemiers  and  reading  microscope ; 
equatorial  motion  communicated  by  clock-work,  with  means  for  chang- 
ing Sidereal  to  lunar  rate ,. . .  .£1200. 

2.  Equatorial  telescope,  object^lass  0  inches  apertnre,  complete  as 
above £1050. 

3«  Equatorial  telescope,  object^lass  8  inches  aperture,  with  seven 
Huyghenian  eye-pieces,  complete  as  above £790. 

4.  Equatorial  telescope,  object-glass  7  inches  aperture,  with  six 
Huyghenian  eye-pieces,  complete  as  above £585. 

5.  Equatorial  telescope,  object -glass  6  inches  aperture,  with  six 
Huyghenian  eye-pieces,  complete  as  above £405. 

6.  Equatorial  telescope,  object  •«  glass  5  inches  aperture,  with  five 
Huyghenian  and  four  micrometer  eye-pieces,  complete £275. 

7.  Equatorial  telescope,  object-glass  4^  inches  aperture,  with  four 
Huyghenian  and  four  micrometer  eye-pieces,  complete. £205. 

8.  Equatorial  telescope,  object-glass  4  inches  aperture,  with  four 
Huyghenian  and  four  micrometer  eye-pieces,  complete £150. 

Transit  Instruments, 

1.  Transit  instrument,  object-glass  3  inches  aperture,  setting  circle 
graduated  on  silver  with  delicate  level,  two  verniers  and  reading  mi< 
croscopes,  three  micrometer  eye-pieces,  on  cast-iron  stand.. .  .£86. 

Apparatus  for  lifting  and  reversing  the  axis,  extra. ...  18. 

Collimating  eye-piece,  extra. 2^. 

Arrangement  for  changing  the  dark  lines  in  a  bright 

field  to  bright  lines  in  a  dark  field,  extra. 10. 

Hanging  level  attached  to  the  centre  cube  of  axis, 

extra 10. 

Two  setting  circles,  extra 8. 

2.  Transit  instrument,  object-glass  2f  inches  aperture 68^. 

3.  Transit  instrament,  object-glass  2^  inches  aperture 58^. 

4.  Transit  instrument,  object-glass  2^  inches  apertnre 51^. 

5.  Transit  instrument,  object-glass  2  inches  aperture 46^. 

Achromatic  Object-Classes  in  Brass  Cell. 


10  inches  apertnre,  £390 
9      **  "  280 

8      "  "  190 

7      **  "  125 


6}  Inches  aperture,  jEIOO 
6       "  "  76 

5}     "  "  55 

5       "  "  42J 


4}  inches  aperture,  £37 
H      **  «*  82 

4J      "  "  2T 

4       •*  "  22 
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Teleaeopei  by  Howard  Grubby  Dublin,  Ireland, 
The  following  is  his  price-list  of  equatorially-moanted  refractors : 


Diameter  of 

See  Specifi- 

See Specm- 

Objectives. 

cation  A. 

cation  B. 

7  inches 

£500 

£420 

8      " 

600 

500 

10      " 

950 

750 

12      " 

1200 

1000 

16      " 

1800 

1400 

Diameter  of 
Objeciivea. 


18  inches 
21       *« 
24      " 
27      " 


See  Specifi- 
cation A. 


X2500 
3500 
5000 
7000 


See  Specifl- 
cation  B. 

£2000 
2800 
4200 
6000 


Specification  A  includes  two  right-ascension  and  one  declination 
circle  of  as  large  size  as  practicable,  divided  on  gold  alloy  (twelve-carat 
gold  alloyed  with  silver)  to  such  graduation  as  the  purchaser  desires ; 
first  right-ascension  circle  read  by  two  opposite  verniers  in  the  usual 
manner,  second  right-ascension  circle  read  by  one  vernier  and  bent 
microscope  from  eye  of  telescope,  declination  circle  read  by  two  ver- 
niers and  microscope  from  eye-end  of  telescope ;  dark  and  bright  fields 
of  micrometer  illuminated  at  pleasure  from  the  same  fixed  lamps 
which  illuminate  the  right-ascension  and  declination  circles;  trans- 
parent-position circle  also  illuminated  by  the  same  lamp ;  clock-work 
of  best  construction  with  Grubb's  frictional  governor;  six  negative 
eye-pieces ;  improved  micrometer  with  six  positive  eye-pieces,  etc. 

Specification  B  includes  one  right-ascension  and  one  declination 
circle  divided  on  silver  to  such  graduation  as  the  purchaser  desires ; 
right-ascension  circle  read  by  verniers  in  the  usual  manner ;  declina- 
tion circle  read  by  two  opposite  verniers,  one  of  which  can  be  viewed 
from  eye-end  of  telescope  by  microscope ;  bright  field  illumination  for 
micrometer ;  transparent-position  circle ;  clock-work  of  best  construc- 
tion ;  four  negative  eye-pieces ;  finders,  etc. 

The  following  are  his  prices  of  objectives  and  cells : 


3  inches  diameter,  £10 

4  "  "  18 
6      "            **           30 

6  "  "  46 

7  '*  **  70 


8  inches  diameter,  £100 

9  "  "  140 
10  "  **  200 
12  **  "  350 
16      **             **           600 


18  inches  diameter,  £900 

20      **            "  1400 

25      *•             **  2000 

27      "            *'  2600 


The  foci  of  these  objectives  are  generally  from  twelve  (for  small 
sizes)  to  sixteen  apertures. 

Mr.  Gnibb  furnishes  domes  for  observatories  of  all  sizes  up  to  45 
feet  in  diameter.  The  new  observatory  at  Vienna  is  supplied  with 
three  of  Mr.  Grubb's  domes  of  27  feet  diameter,  and  one  of  45  feet. 
This  last  dome  is  entirely  of  steel,  and  is  intended  for  the  great  27- 
inch  equatorial  recently  completed  (1881)  by  Mr.  Grubb. 
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Telescopes  by  G.  and  S.  Merz^  Munich^  Bavaria, 

1.  Refractor  of  18  mches=48.7  cm.  aperture  and  7  m.  focus,  with 
an  hour  circle  46  cm.  in  diameter,  divided  into  single  seconds  of  time, 
and  a  declination  circle  65  cm.  in  diameter,  divided  to  10"  of  arc, 
with  six  common  astronomical  eye-pieces,  magnifying  from  120  to 
1200  times,  with  a  filar  micrometer  and  position  circle,  nme  micro- 
metric  eye-pieces,  magnifying  from  140  to  2000  times,  and  two  ring  mi- 
crometers.    The  finder  has  an  aperture  of  77  mm. 

Price  105,000  marks. 
(The  value  of  a  mark  is  24  cents  in  United  States  money.) 

2.  Refractor  of  14  inches=38  cm.  aperture  and  6  m.  focus,  with  six 
astronomical  eye-pieces,  magnifying  from  110  to  1000  times,  and  nine 
micrometric  eye-pieces,  magnifying  from  120  to  1600  times.  Circles 
and  finder  same  as  No.  1.  Price  72,000  marks. 

3.  Refractor  of  10^  inche8= 28.45  cm.  aperture  and  4^  m.  focus, 
with  an  hour  circle  38  cm.  in  diameter,  divided  to  2  seconds  of 
time,  and  a  declination  circle  54  cm.  in  diameter,  divided  to  10" 
of  arc,  with  astronomical  eye  •  pieces,  magnifying  from  80  to  760 
times,  and  eight  micrometric  eye -pieces,  magnifying  from  90  to 
1000  times.     The  finder  has  an  aperture  of  68  mm. 

Price  45,000  marks. 

4.  Refractor  of  9  inches=24.4  cm.  aperture  and  4  m.  focus,  with 
six  astronomical  eye-pieces,  magnif/ng  from  72  to  680  times,  and 
eight  micrometric  eye -pieces,  magnifying  from  81  to  900  times. 
Finder  and  circles  as  in  No.  3.  Price  35,000  marks. 

5.  Refractor  of  8  inches =21  7  cm.  aperture  and  3.2  m.  focus,  with 
an  hour  circle  26  cm.  in  diameter,  divided  to  4  seconds  of  time,  and  a 
declination  circle  41  cm.  in  diameter,  divided  to  10"  of  arc,  with  as- 
tronomical eye-pieces,  magnifying  from  60  to  550  times,  and  six  mi- 
crometric eye-pieces,  magnifying  from  100  to  580  times,  with  one  ring 
micrometer.     The  finder  has  an  aperture  of  48  mm. 

Price  19,000  marks. 

6.  Refractor  of  7  inclres=18.9  cm.  aperture  and  3  m.  focus,  with  an 
hour  circle  26  cm.  in  diameter,  divided  to  4  seconds  of  time,  and  a 
declination  circle  38  cm.  in  diameter,  divided  to  10"  of  arc,  with  six 
astronomical  eye-pieces,  magnifying  from  67  to  630  times,  and  six 
micrometric  eye-pieces,  magnifying  from  75  to  880  times. 

Price  13,500  marks. 

7.  Refractor  of  6  inches=16.2  cm.  aperture  and  2.7  m.  focus,  with 
an  hour  circle  24  cm.  in  diameter,  divided  to  4  seconds  of  time,  and  a 
declination  circle  33  cm.  in  diameter,  divided  to  10"  of  arc,  with  six 
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astronomical  eye-pieces,  magnifjiDg  from  50  to  480  times,  and  5  mi- 
crometric  eye-pieces,  magnifying  from  120  to  480  times. 

Price  11,000  marks. 

8.  Refractor  of  52  lines=  117.5  mm.  aperture  and  2  m.  focas,  with 
an  hoar  circle  22  cm.  in  diameter,  divided  to  4  minutes  of  time,  and  a 
declination  circle  27  cm.  in  diameter,  divided  by  verniers  to  30''  of 
arc,  with  six  astronomical  eye  -  pieces,  magnifying  from  32  to  324 
times,  an  annular  micrometer,  etc.,  without  clock-work. 

Price  4800  marks. 

9.  Heliometer  of  7  inches=19  cm.  aperture  and  3.2  m.  focus,  with 
five  astronomical  eye -pieces,  magnifying  from  50  to  360  times. 
Mounted  like  No.  3.  Price  42,000  marks. 

10.  Ileliometer  of  6  inche8=16.2  cm.  aperture  and  2.7  m.  focus, 
with  five  astronomical  eye-pieces,  magnifying  from  40  to  300  times. 
Mounted  like  No.  3.  Price  35,000  marks. 

The  following  are  his  prices  of  objectives : 


Apertnr©, 

Focal  Length. 

Pricen. 

18  i 

nche8=487.0 

mm. 

877-682 

era. 

27,000  marks. 

16 

=483.0 

780-O85 

*• 

19,000 

14 

=879.0 

682-487 

13,600 

12 

=825.0 

562-422 

9,000 

10 

=  271.0 

488^26 

G,000 

9 

=244.0 

422-292 

4,400 

8 

=217.0 

367-260 

8,200 

7 

=189.0 

825-227 

2,100 

6 

=162.0 

259-194 

1,440 

r, 

=  136.0 

227-162 

800 

4 

=121.8 

194-146 

600 

4 

=  108.3 

160-130 

640 

Note. — m.  stands  for  metre,  cm.  for  centimetre,  and  mm.  for  millimetre. 


Meridian  Circles  and  Transit  Instruments,  hy  T.  Ertel  and  Son, 
Munich,  Bavaria. 

The  dimensions  are  given  in  old  French  measure,  according  to 
which  1  inch  =  1.0658  English  inches,  and  1  foot=12.7892  English 
inches.  The  prices  are  in  florins,  one  florin  being  equal  to  41.7  cents 
of  United  States  currency. 

No.  1.  Meridian  circle  45  inches  in  diameter,  with  a  telescope  of  9 
inches  aperture  and  13  or  9  feet  focal  length.  At  one  extremity  of 
the  rotation  axis  is  the  cii-cle  of  altitude,  reading  by  four  microscopes 
to  one  second.  At  the  other  extremity  of  the  axis  is  a  circle  of  the 
same  dimensions,  but  divided  only  to  single  minutes.  The  instrument 
has  a  large  level  and  four  astronomical  eye-pieces. 

Price  16,500  florins. 
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No.  2.  Meridian  circle  40  inches  in  diameter,  with  a  telescope  of  8 
inches  aperture  and  11  or  8  feet  focal  length.     Mounted  like  No.  1. 

Price  12,000  florins. 
No.  8.  Meridian  circle  36  inches  in  diameter,  with  a  telescope  of  7 
inches  aperture  and  9^  or  7  feet  focal  length.     Mounted  like  No.  1. 

Price  9000  florins. 
No.  4.  Meridian  circle  36  inches  in  diameter,  with  a  telescope  of  6 
inches  aperture  and  8  or  6  feet  focal  length.     Mounted  like  No.  1. 

Price  7200  florins. 
No.  5.  Meridian  circle  83  inches  in  diameter,  with  a  telescope  of  4 
inches  aperture  and  5  or  4  feet  focal  length.     Mounted  like  No.  1. 

Price  5800  florins. 
No.  6.  Meridian  circle  28  inches  in  diameter,  with  a  telescope  of  8 
inches  aperture  and  3^^  or  3  feet  focal  length.     Mounted  like  No.  1. 

Price  3600  florins. 
No.  7.  Transit  instrument,  with  an  object-glass  of  9  inches  aperture 
and  13  or  9  feet  focal  length.    Construction  like  that  of  a  meridian 
circle.  Price  12,000  florins. 

No.  8.  Transit  instrument,  with  an  object-glass  of  8  inches  aperture 
and  11  or  8  feet  focal  length.     Mounted  like  No.  7. 

Price  8600  florins. 
No.  9.  Transit  instrument,  with  an  object-glass  of  7  inches  aperture 
and  9^  or  7  feet  focal  length.     Mounted  like  No.  7. 

Price  6000  florins. 
No.  10.  Transit  instrument,  with  an  object-glass  of  6  inches  aperture 
and  8  or  6  feet  focal  length.  Mounted  like  No.  7.  Price  4000  florins. 

No.  11.  Transit  instrument,  with  an  object-glass  of  4  inches  aperture 
and  6  or  4  feet  focal  length.     Mounted  like  No.  7. 

Price  2600  florins. 
No.  12.  Transit  instrument,  with  an  object-glass  of  3  inches  aperture 
and  3^  or  3  feet  focal  length.     Mounted  like  No.  7. 

Price  1700  florins. 
No.  13.  Prime  vertical  transit  instrument,  with  an  object-glass  of  7 
inches  aperture  and  9^  or  7  feet  focal  length.    The  telescope  is  at  the* 
end  of  the  horizontal  axis,  with  an  arrangement  for  rapid  reversal. 

Price  7600  florins. 
No.  14.  Prime  vertical  transit  instrument,  with  an  object-glass  of  6 
inches  aperture  and  8  or  6  feet  focal  length.     Mounted  like  No.  13. 

Price  6000  florins. 
No.  16.  Prime  vertical  transit  instrument,  with  an  object-glass  of  6 
inches  aperture  and  6^  or  6  feet  focal  length.     Mounted  like  No.  13. 

Price  4300  florins. 
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No.  16.  Prime  vertical  transit  iDstrument,  with  an  object-glass  of  4 
inches  aperture  and  5  or  4  feet  focal  length.     Mounted  like  No.  13. 

Price  8000  florins. 
No.  17.  Prime  vertical  transit  instrument,  with  an  object-glass  of  3 
inches  aperture  and  3^  or  3  feet  focal  length.     Mounted  like  No.  13. 

Price  1800  florins. 


The  firm  of  Pistor  and  Martins,  of  Berlin,  has  become  extinct ;  but 
Carl  Bamberg,  of  Berlin,  advertises  to  make  astronomical  instruments 
in  the  same  style  as  they  were  formerly  made  by  Pistor  and  Martins. 

Astronomical  instruments  of  the  first  class  are  made  by  several  oth^ 
er  manufacturers  in  Europe,  particularly  by  A.  Repsold  and  Son,  of 
Hamburg,  Germany ;  but  the  latter  firm  does  not  publish  a  catalogue, 
and  it  is  necessary  to  make  a  special  contract  for  such  instruments 
as  may  be  required. 
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